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(^yic ajjLUI 4_ijjJ,l 4_iiLjJI jjlj^aJI (JjjkLl! (jylg-tl 1-jJjJlIIIj (jyJ-flJI p-il*lL? LaLtll 4 iriiiiji,! ^ 1 1 n" 



CjL$i>.jILU A^e_uJ aLaTufczl IJlA ^LlJ 4 jj-a-*-!! JJ|j-<-u 4r 2^^1'J.I 4ji^t,lj 4_l1A]Ij 'Lu-STJ! cJljLiijJI JJt-iIu 
<JJ>jlj-a (_yic Lul j J-aHtJ (J aL^SLLa (j-Laj - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ < 1 1 .aj (_jJ-ll ^jla^JI I Jl4> ioL9 (jjJ ^j-* 3 S JuJ . nil 
(Jjju (J 1 <aj 1 t ^j-ia-uJI aJlSHII 4 Lg&£ j*-^ 4r- L ^ J 'J 0" ' "^ ' (J*"' (j-* 3 (jLa-i^lj /<JL«JLi tt 1 1 u-Ll 4_il_ui isjJ9 Lr^-J 

■ Lg.1 ii^i LaJLSlU JjjJI t-fll uaX JLtJ 4ill 

4 a J 2j II 4-JjjJI <_)jL^ej]l *_a (j fljj 4_uL>ijj aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t 4_aL*J! Sjlj 2 I 1 " ■ La -^ JiJ9j 
4jI ua_uaj>o a'al^-. « J_4jl]I Jjj-i^ il)l JLLalLa j^aUo 4j_)Jl>- 4_LaJLc L_<_JL_ul Jj^j ' 4_j_ujJl.'JI Tcal^dl s.l_L) A_ 
«J_l£=jJI (Jila-i i^jJI 4-1iL3j.II 4-il^.U j-uLiil jIJlC.1 pjj-ifiva £_ fljIaJJI <>ju4> C<J!l<j Jj9j 1 4jI ALalLa (_j-JjJ 
tjj) 1 11 Jlla-l ^ La ua> ' (jL>J J^^~" ' '"'" (jr^- L^"- 1 4r J- u '-*-^' -^'^ ^j < 4_ujj JlJ I ?c_al^JI *l_b A_ 4_u_uL_ujl 
(_£Jl!I ^La-til j-^l^il *-a 4-La-ltJI 4jJjJI Jj^ljjj da>J <jA4^' VdJ^'j 'intl p-lUTlU ilaLtll 4 irunjJLlj J-a-tJI 
j '^— >| ^—ljjJlj py-aljjjj 4 1 aL^alLa iSjJaJj 4jL^1II ^_ (jLitill <>Ju4> r-j^ejJ t^a-tJI 3j-" '** ''^"'^ 4-iisjjjj 

.'i_U_uL_u J I d'il ilU", a JjjJL>i_! ^_ 4_L5Lfll 9 J '^— >| J 4 JjUlII (jj I 11 \ I'^ll » --»**« T 1 

. ( _y i ax^itjJ I I Jl-J <Laj^UI CjIjL^XI • >l ■ ■■"^-»l «Luij^=i JjLjlu 4j^>. CjLcj^bj^a 4_tlSHl I CjLlI^=>U 

j^l «dJI jj^a (J^aG 4_ljjjJljJI 4_txL>JI iJjub i±LiJlJ (j\^ xuu^lI (j^kj w^kl_m j_ijlajj f^'t i^alll LaLsJI 2jl J^flj 
( JlxSjlIII ^ya jJLtvj 1 La ■ •■ ■ a (_ijJLj/I_i 1 Laj^UI 4jj_ajjJaJI CjljL^i,! (Jj-i-a G ^_ j.j!uLl>3 J*^-* ■"■ ' p j ■ •■"' (jl (J^-J 

.CjIjL^JLI tfjub 1—1L ■"^— I ^1 »g (<UlJi3 (_P-II J^^~~ ' ijiVIj dll S-uialJlj 4Jl t" 1 n^Lij 

; pe^5 » jqi 11 4Jl (ijLi-is^Jj 4-uvj Li L^la ^J ), LLflj ■ aXI 9 LfcjIjLcl (_yic (j' 1 -*^'-^' [3^-^ O' (J I ' " ' *Lljlj 

.*L^jJI 



w_&mi jji^Iajj A-Lg LgaHJ 4^aL«JI SjI_}VI 







->lj— tl (j— a *— jlj-llj CjLjjIj^kJI CiL i iiLmlj..*_jljJll I i ~~'Ji x ' i ~^Ji n J ^-dJ'J^* 1 ^' ^"".! * ' ' *'J a j I j_ >J I (JLSjjI 
(jl_^=j VI JL^J.1 I jLJk 4r P- -1 "^~ i' lj - .' ^JLuk (j in 1^ .«.lj-JI lJl-^l^slJj Jlj^jTlII /Ji aJ 4_aLilj 'Lu_uL_u VI 

lJi_u^=l1!I CjL-lL^ij jl_i^jTJI j_ jIjjij Jl_jj-uJI 4 * - ;^~ >1 -i' a <*_jI_oJJ I i ~^jj"^~~'ji n j cjL_ijI^>JI p Lg 4 i_uL_ol 

(JL^a Inn i nt j.u_Cl?I Lil jL>- J-Jj .Cjm i iiL-uVI <?Jl^> (^-lc LaLo_> Ct-LU I jl^— > tl^Jlj <*LJ,l ^-ij^J '""^— < ' uij 

/— a-u-LaliJ I *_j|jJJj CjLjIj^kJI pJL*-i i ''.^^-'""j ^£>r!-^' 
CjLcLu/ f-Jjl (^i Lt - " J J JO^° L^l ?~ ' 3^ J *"" J ^J -J^* 1 ^ CjLlujLjjI jl .^"-^1 I Jl>- 4 ■ ♦ uaJI a\ gJJ (j_a j! 

(_)->- Lo^IiJ u ajlj^>JI (jLajjl (Jia pJudl I JlA (j^a I laj ■ •■ ) Lj->- U' ^-La («>■*< 0^*3 (jr*- a '- > " ' ' O^J^" 1 ' ^-0^-*-° 

L^ai^uL^aLxaj 4jjIj^>JI L^ =L _ua|jjjJI «_a Sjlj^>JI JLajJl IL. *ljj>-VI 4-uL) (j£, dLuklJ CjLcL-u £-JJ^?l ■ J - ;^^— ■" V 

I j I^aJj *lj_2JI <J-^= i— cjy-tj JiJ9 (jP-II Sjj L<aJL plu (jJ Lyj jl L^axswl I job (jl ^£jLSJI J^>o JuiS 4_JLcj *-jljJJ 

4_^=JUJ,L) 4_lLZlII cjLJL^=JI I|_(j^_<jjjIjJI *lj-JI i_i_Lj^=ajj Jlj>jjJI w * *t 4JLII s |_ii jl 4_taL^= jj ^— " i_3o-<-u 

.4_U_uljjJI p j".l--^ (JjLUsLaj A- $.L>- La I- I I II ~>- LiUjlJ 

; 4_u_u IjJ Cj I Jl>-J (j 11 <>">^ J I 4 uJL>J I p^ 1 uJij pj Jul! 
«_jjVI Cj|j^»-_aJI J ^— £r}_J ^^-j" -■* 4 j, inL-uf ajl_«^= CjI J^j»._aJlj jLijVI dJjl_<3 JjVI 2j^»-_aJI 

.2jl>-Ij 4x.L_u Lj 1 "jj '" ^jutlb Vi <— tj*^ 1 j"^o <fcl Cy* p-c^JLij 2jl>-jJI <?jui . a-aJsLJI 

^IiLaJ pj 'LtSj U_J^' J i^aAjl ' (J J ' <a 3 43^3 (_jll >ri<i i n^j Sjlj_>JI (JLajjl d*Jjl_<J Jtia 4_uLlII «Jl>-jJI La! 

x_a (J-^^kJIj ((J-fl^KJLi 2jlj^>JI (J I SUl V 4-f2 (_p3j_tll I p_i JiJ9j (^LIlII (J »^sAtl p_j < (Jj.i^sjIlILi 2jlj^>JI (JLSjjI 

1JI1I j 4-aLjJI CjVj>L»J,I x_a »U uiVL SjIj^kJI JLSjjV Ua ui^a L>-J-«i L_Lila£.| i^Jlftll J uaAll ILj .Jj <^»jl!l 

I I La a£ SJl^-Ij icLidU »U uiVL ajlj^>JI Jl_2jjl O Lag I 4j mljjJI 4 LaJJI jl l_Lb 2 l^^Nt LL j-Jj >JI ^1 <^»tl 

(J »^sAtl Ijub «_a (J^aLtlll pj (Jj/Lj/VI I Jl4i (_yi£-J 
p_j «LlSj (Jj^l J uaAll ' (J J ' <a a 1 Liia-il Lj-»-Lm2j pjj .stJl^^JLI I ^-— j )l ^— » J a S Jl>-j (_y^-2 4_lIqJI 2Jl>-^JI Lai 
4 Mi^Lba 0-4J <>t._L>. (jj^ -1 mJI 4_]L>. i^_ )«_jl_ail (j-LJl_a^ lLs ■ a-) pj (^yJLjJI J i^-^tl ^_j .«_j|jj^l (j^slj^. 4 mi^LLo 
'£— C< mi^^J Jl^S 4_^=j^>JI 4JL>- i^_ )«_jljil (jljlj^ Lai i-Lai uaJI (jj/LiS 4 .Lfl-i^a j Ly^ 3 -"'^"' ' "JL? '-t^ LLaJLuaJ I 
(J »^sAtl Lai .(_ilj_ij_i 4_IjLta (,-Ll '"'1 Sj JaUll ^j'-^* »J 4L2LkaJI j jl > a" i nVI (_jjJjLta lLU j (j-aj ' <d~ILiJI J Lta-dJl 
■ *l_ajJI (^jL^taj (jLdl S-^h 1 ^^ 'Ar ^^^ ^r^=J , /tl^-,-,^VI 4J5CJJJ ilai tiaJI IL. Jl2AJI 4j£ 1 Ljijalj Jl2^ J-jIj-JI 







.i^JLliJI (JjuaAJI ^_ 4jjIj^>JI <*— Lj-al *>. tit ^yjQjl (jjjLSJI ^^Laj p-ij 

p i -*tl La| < «il^J,l 1 * : -— 'J tl^— i m ^_ i"tl ^j iW'rlt ^LlII p mJLlla i SjI^jsJI JLaTuI A_ '"'I ^j iW'rlt (Jj2 I p i -*tl 
4- Ua m^a 1 .^~l* 1_LlU£.I jJs Lul J J 4_jjJ1!I uaj .AjjIj^JI L^a-LaLijjJI 4- '"'' SjjU-.U'a jj-^Vlj dJliJ! 
(^^sj^kJI ejjjJiil (jr lc (jl t S". » *i ( _ 3 aJlj ^1 '^-tl CJli A-LjisLjjJI Cj1_£^L«JIj <LaLJI CjLajj-Ciil p i n^ <J^= ^'^> 
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JljV 4-lLc .aISjVI iJVjij Iglf j-lajCJI ajL^III 4- S--^ ^ruujdjb jf ^^153 C~>j i^V Luj^sJI ^jLllI! <jj 
J-i^il'JI (JL^ta 2— a I Jiir" i ii zl 4-*j1 Mill 'Llj_u _LLJ I Cj L_l<u=3lJ I I a i <aj ^l!l CjI Jl>-jJIj jLju^U tcloI^JI rO-^-fl-ll Jj-a 
i a LaJ ^eJLLa ua.a ( j£. SjLlC JuljJL9 .CjI Jl>-jJIj _}L*_)jl £j\ Se I La i a I , I (j-u JaJL^J I aJx. Ijl>- ^ gJ ,1 ^j "J ' ^^^^~*"' *'J 
t<Ulj mil <<j-aj_JI i/«^=j>JI i A 1"^— tl t^.| i.„l,| , JjUtl a g ,„lj ttl ,-, -w" -jj £—." ^p tl 4 .ubj-LflJl 4 ^i-^^—tl 
.jLtjVI oi^Jt, j)'" * J (j-C j-<-i_tTL? I (JLj>JI 4_*jjlaj (j ^— > i 'j .<Liijita jLjul Lj 1^— • j '"»" A-JsLLaJI ( SjIj_j>JI 4-^>-J-S 
.^j^ajJI (jyic 4 a a 1 •■ S a ( (jyjjis J^«-J ) 4^1 1 nt,l (^yjfc <Ulj i ntlj (JjlaJI *-Jj-a (jy^li <L>-1 1 ntlJa .^jj>.| aJVJlJ 
I J-Jj .(jt-*-a Jljlj CjI j 4_l«j== j\ JlJLo j| («-3e^>- (j-uLjJ2 2— a Jiir" 1 u ) pJLIajua^a ^j^l 2jLlC /y^-2 2 Jl>-jJI La! 
A oJaJI e Jl^. CJLlA Jj LaJI Jlju (J^/LlII CjI Jl^-j 1 j 1^— t jj' : -— " JLujVIj '"'^"'"J^^—^J aI JiJjVlj jLlaVI (jLa 
2— Ajiir" 1 11 ) JljJl>- a I laj « .;. "' '"' l '-~~*' 2^j_>. J I '**''JJ IaHJl (j| VI aJlJt" i h" C-Jlj Laj O-aJua-" 1 nl CjI Jl>-jU 

"International System o! jl^-^JJ ^Ltll ALtailLi ^^-uj l£h^' Altai!! JjJ^*3 <Z Jl2J2 4.1c .*JL«JI *Uo? *-j-a^- 

.cjUUI guv*. I|_ (SI)>jJL> Ijl ua3».l .-fljjjJtlj of Units" 

CjI Jl^-jU 4_<jjJt2JI 4 -1 t^'iVI «_a J^aLtlJ i_3jjjj [ aj-t^SLl! I j JlJjjjJI (JL^ejO 4_ LulJ2 dlj jj^a (<uijJI (jyi^-J 
' _il^aJI 9 4_L<a-UJ I j LllS1!I Cjljj^alll ^-^^Lf^'j S_icLLuaJI CjI fljLaljJLl ^^ys jj_uj=i jaf tiiljj 2JjJlC Cjljimt 
( .\l Ult j^V 4_JLl .CjI Jl>.^JJ L<jjJt2JI 4 »IaJVLj oJ>^*.^a cJlj La *l_aJI (-Lo^aJj J^J>jlII JL==-a 4r ^-'■'-"Ij^l 

.SI Jl AUaj Jl 4^jjJl2JI CjI Jl>-jJI £ya Jj^tlll (jyic 3jJl2JLI (O-^JjJ (jj^—i" (j! 






J ^ 



^ . \ 



}J!>l!j uLjjIjje) I («!£. uUuLui 







(1) *. JBu 

m/sec Jl miles /hr 60 Ic.j_.-u J^a» 

1 ft = 0.3048 m, 1 mile = 5280 ft, 1 hr =3600 sec 

tj^yL I -i^-— iijJ^i ^J>iaJ Lg '"~ J 'j»"N ^j^-— i ' CjLs}L»JI i>jub 

m 



0.3084 x 



ft 



5280 



ft 



3600 x 



mile 
sec 



hr 



(jl (j ^—i <ij 4 j o^— > (_£l (jLJ2 ( a Jl^-^JI ) Jl^-IjJI (_£jl_<_uj ojL^k J-J^tlll Cs^LaLta ^j_a <J-^= (jl C~l»-J 

^ jj I La t , I j ' c ol Jl^oJI (_s Jlj>J («L_po Cj^LaLtil Cc-uj I jLa I j'-v^ j u »" o3^*-} ^ J-^ p ' " S3 jl L#j ' . 'j ' '•**" 



/ 



60 

V hr 



miles ^ 



0.3048 



/;; 



ft 



f ft V i 

5280 J 



miles 



hr\ (60) (0.3048) (5280) m _. _ m 

— 26.8 

3600 sec sec 



■>) 



cr-^J 



v 3600 sec, 

' ■ "^— tl J *j/~' ^=> £_J 4 j mjjjlj 4_L<vU]| jO-Ld! J ^— IL. J_J_^elII Cj^LaLti, JjL 

Stj j ... J^— ; o^le I JlltXI 4 4-SjjiaJI aI Jiiej ■■■! J^— aj 1 -1^— ■ tA-LmljjJI 

' a ^^^~ , "'^'J J—j^jTiJI (Jl *-" A- 4 lot" inUj SI !l a I laj CjI J^>-jJ ij uaHseA 4_*j*.|j_a 1 La> U«i , „ 

I^yA SI Jl -.Iklt 4_u^L^^| CjI Jls-^JI 

(1 Hi) jlua Jl>-Ij (_gjl i nlj (JjlaJI «Jl>-j • 

(1 kg) plj-^j^^— JlsJj (_£jL^jj SJb^aJI 2 Jl3-j • 

(1 Sec) 4_ulj JlsJj (_gjl i k'ij (j-aj-II 2 Jl>-j • 

(1 K) (j-^Jj== Jl>-Ij (_£jL_uJJ SjIj^kJI 4^»-jJ «Jl>-j • 

: Cr4^ t_JL»JLl I Juk 4- Lajir'uiitl 4,rt*<MiU CjIjLs.^11 La! 
( m3 ) ( ,»^tl j"tl Lr j ) p -^- — 1 1 SjLa.jj -pT^ 1 .\ 
( m/seC ) 4_uL) J^— tj"^i L^j| Jl>-jj (j-«jJ-J 4j_i^_LJL) 4J2L^J.I j-tJU Jjut-a (j^ffcj ta-Cj <ntl .Y 

2j_SJI 2 Jlj>-j j frj t (N) j_ajJI_i Li j_aj_jj Newton jj^j-LJLj /_ a > u3 SaJlJI 2jl>-jj :2aJi]l .V 

*_Uj3 ^-J- 1 " (J ^— d JLJ>-Ij^j_a Lbjl Jl^o 4_LseJLJ JlJ>-Ij a I jj>- jJLj=3 4 1"^-. ( J_3 E JU ( _ ? jJI 

.(m/sec 2 ) 






^ 



^ . \ 



}J!>l!j uLjjIjje) I («!£. uUuLui 







, U« <MI CjI J^*.^ 4_dg, .4^.1 inU 3a_^j (jr-^ 1 ^^-JiJI 4_JLi ilaji 1 a II i_3j_^»j : dnJL-uaJ! . 1 



•(V 2 ), 



m 



*_J)_a vHa/Ajo-U /-Jfc 4 j 1 n 



L-VI 



.( kg/m 3 ) ' .■♦^*j""'/p l J^J 1 .:^ 

.m 3 /kg 

.(J) Jj->JI jf (N -m) j^a.^^ ^jt Lgjlj^-jj La jAji <_Laj<J 4jl^JI (_3-4 J :4lLkJI .V 

.( Watt, W) cjIjJI L$j1 Jl^jj JiAII jUol Jj^»-a Lgjf ^^ i-3>Jt3j :SjjJL!l .A 
. LgJLp- 2— LJ ^psj-xlil JlIc L$jI Jl>-j 4 j 1 i"\j Lfrajijju fTtjt 1 11 cjLl»^3 II ^j-^* i dJLuii 

jj_a 4_iLa lIUJlJ I Jl^*. Sj-Lt-Loj I Jl^*. 4j3jje_iis jl Jl^.1 x_a ^LyoLtlLI (jl_L»- 2I (j_a j_<ilj=3 '£— r-LTcvJ 

-tj—ILlII (JjJu>JI ^_ Tciisj^a j^k I ^^ > oj Mittl CjLocLiJa^a a I JlJt" i ul jjTjJL? '^* 



S^ iodJI «.ljj>.| 


2^ i."itn CjI a£.Ltia^a 


1 *<« 1 l>,t 1 


>jj' 


rt 1 (i 2i 1 


1 kcLuaJLl 


>jj' 


rt 1 (1 £ 1 


10 1 


d 


deci ^yj-^fJ 


10 


da 


deca L^=j> 


10~ 2 


c 


centi u ~ i 1 ,1 


10 2 


h 


hprtn j-,<£_ , * 


10- 3 


m 


milli ^La 


10 3 


k 


Inlnjl ,<£-, 


10" 6 


H 


micro jj £=»jI a 


10 6 


M 


mega ULuj 


10- 9 


n 


nano^JlJ 


10 9 


G 


giga ULiJs 


10 12 


P 


pico j)^-i it 


10 12 


T 


tera l^_p 



(_^a_L) (_^ jJlj 4^=j_xJLJ j-jLlII (2H5J-1 (jj-iLa {_yz Hi} 1 * (J J 1 -x -*■ 1 1 /<ujj i ^^Ao-till ^^^ 2oJi]l 2 Jl>-j (j| LJ^J==j La. 



^= 



4 «1"^— ^j ^~~ 1 1 ' 4-Lulx 4 LJ^aJa (/<ji>-j_JI) 4 ^— >j *- 1 1 4_La^=J tjr laj-? I j-LtTiJ I (JJljla x_a 1. 1 1 uLuj 2j_2JI (j| (_ r lc 

1 

F = 



■fflti 



?c 



CjI Jl>-jJI (JLc. 4jJl>-jj 4Ha_L2 Jujjju Oju jl Jti^s ^Jt g c j 4_L-*jlJI ^^Jk a j 4 LJ^aJI j-jb m j 2j^JI ^Jt F | C~p- 
:(_L I -i^""* i_3jjuj ^^ajjJI (^^ 3j^JI »Jl3*j (ja^aJ SI a I lalll ^_ .aJL^jlIIj 4 Ll^aJI a a &2JJ Lajiir" 1 nU 






1 newton = — x 1 &g x 1 "y 2 
g /sec 

1 % m i- i 

i — (jls ^.^-j 




newton x sec 2 



:<jUa ^j-tl^oVI ^UiiJI 4_j 



1», = — xltoxg-V 2 

7 g m 5 /sec 2 



(juki^^c^^- 32.174 - m Cr A j^-iL>iVI ^LkUl 2_(g e )J LojuJI a „ <3t| pi J*>aU 

/fe / sec ~ - " * " ' 

4- J-J_peliJ j BtU 4_jjIj^ SJsUa a Jl^-j ^-4 ^J-lUo^I a.\ taiJI 4- 3 alUlt 4^3 J L jeTi_ 1 . u .t, I CjI Jljv^JI <j! 

t^LlIL^a ^^ SI CjI Jl>-jj «Jl>-^JI ojuk t>u 2^1 Ut I 

1 Btu= 1054.35 J (or N.m) 

(SI System) ol j^IJ ^Uil f Us^JI o!j_uw 

:CjI Jl>-jU (_«L*JI ALksjJI dilj_L<i^a £ys 

.2 Jl>-j^o 4_u_uLjJ9 dll •*I^'/mi J>_o^>-jJ 4.Lq.LtJI cliLaaJjuLI (J-iLu (Jj^ 1 uJ * 
»lj— -yl -ajLJeTi—L-uJ al taiJl (jV dJ_Ijj CjLll m-ttll (> oj}UI Jlj_^>J,lj '"■ \?^J,f a J " • 

Lj^jI Jl^o^ 4_illita sLiul 1 <i AUag.1 jl (jjj-Jlj Sl"^-itl ^j^j (J-ojJ (_£l aL»JI a I la * ! I (jyiJl • 

.^j^ij N j 4 |-,^-.n kg ^j 
LiLL jl Ji mi ( LJLa»b aJsLL 1 4_^=j_». aJsLL : SJaLLaJI fj_j jl ^- I <iga N.m Jf jl J Jl 






^ 



^ . \ 



}J!>l!j uLjjIjje) I («!£. uUuLui 






Power, P =2x400 kJ ' / 



'hr 



^ nA 



kj 

hr y 



800 



OOOOJ ^ 



hr 



3600 sec 



222.2 V = 222.2 W 
/sec 






E X = 4000 J 
E 2 = 10W.hr 
E 3 = 20 kN.m 



.BTU j kJ _j cjLaLkJI f>s^a jl^j! 



^£ =(4000/) 



U 

vlOOO/y 



10 — hr 

\ sec J 



3600 sec 



v 



hr 



hi 



1000/ 



:J*JI 



(20 &V. 



m 



_fc/_ 
£Af.m 



^£ =4 + 36 + 20 = 60 fc/ 



X^ =(60*/) 



lfiTT/ 
v 1.055£/ y 



56.87 571/ 
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jjIj^Ij ub)l>5tll j*l£ uUwLul 



Sjlj^>JI (JLSiJl 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 







Jj-o^ajJIj JlJ>^I ^ - ;'"' '2— L^2-ixLaJ Lta.1^3 j sjIj^kJI JLajjV LLbJei,! 3>^-" <L2jJt-« :3jlJW*JI 



: (J7 JLi Ij-ilJa (jj^aj Sjus^l dJuk Jo^-i" LoJtic 

.«.I^-JI cJlJj^aiJ J Jj^xlll 4-u/lj.i ^_ L^LuvAl J Sjlj-^JJ ajLil A-JL-aj^a <L3j.jl>s 

.CjLJljls 2l J 4jj"i i rit,l ^jIjJl^kJI (J^L>- 2jIj_>JI (JLajjl (JjuLA JljJuso 

.4J^>. xjLo j peJa-m (j"*-> (JjwJu sjIj^kJI (JLSjjI (JjuLA JljJlJso 

.(Jj^kJLi ajlj^>JI (JLajjl (J^oIjla JtjJuso 

/JfeaJI sjIj^kJI (JLajjl (J^oLta JljJljso 

.JjLJJ r>>JI ii-U.mil J>jJ^>>j 

(j- 1 -» La i u (j-U pi t i"i2L) 2jlj_>JI (JLalbl (JjLta (_il i n~>- 



4 j , ^. , ^ ^-", 1 1 CjLuisUjJIj A ±'* LaJeHJl «.uj_LflJI (_£j|jJLa J I pjj»-jj| J I r-LLso i_3jjjj . ^ 







Heat Transfer 

l£j^>-l Jl 4_2la-La (j-a 4_J9l_LaJI JLdjJl i_il u> Jl <_^-a>J (_$JlJI pJLtJI ciUj 4_il_i ajlj^>JI JLajJl <-2>*J 
£_ <^..-je_u ^? SjIj_j>JI (JLSjjIj .SjIj^kJL) A_LaIlll ^ SI LaJI a JlA^ a i uJ I i j Lu SjIj_j>JI CjL>-jJ £_ ^j nit 4jje_jjj 
' ^"'".l •*j'j- >1 ^' ^^ l4 > *L* J *"' '" i^JJI ((j-aj-tl MjJii) (JJulXI (. 1 1 »->j LJajl L<J-llj ''-^^ a ajlj^>JI (JLSjjI 4_uLi^= 
^jlj^JI (jlj_j^?l <j-"jJ»J AjjIj^kJI 1^— Jua\ ibjJI pJLl ^jl iL. ^'j-^*"-" L4=Lxal_bjJI /<JLl (^c SjIj^kJI JLajJl /<JLl 
La-Lu j^>- 1 *-tisj Jl (j"*-*-* 3 l^J'J-^ 0'3^ (l) - * 3 *^"-*' ^-lLa» > <«*ii <Laj}UI 2jlj^>JI 4 ^l^~~* ' >l ' •■*- ' (_aj^=LJJ .ilj-aJ-t 

isLci 2u I jLjb (jljJizI x—iisj jjJuJ 2jIj^>JI L^j '"• LSHil (_jjJI 4_Laj^=JI ^j-c- I jj ' ^" °j'j-^' (JL2lbl pic /—Laju 

I jl :(_y]Ll!l (JLiUI I- -Laju (_ 7 _L*JJ I Jlj4> 7c_i_i-i5jjJj .(jlj_3VI *_iisj j_<_ij s-Lul ajlj^>JI (JLajjl Cj 2 Jjua <_il i n~>- ^Jl 
' a ^^— ■=> i u-flJ y-j La ) (_£ JlJI (Jlj i oJI £ JijLlII s-ULi s.jJLa.4 s.l_jl ^_ 0-*_iisj i>^-' mJI JljJu>JI ^j^a 4_tLi2 *'JJ ' '~ s " 
pJLc ^t>>»l mtl JljJlj»JI 4 atlaja L$J -^>-<-J ^jJI 4_uLl^=lII SjIj^kJI JLaHJl plcj 4jjIj^>JI L^a-u>l '_' iJI pic jJL»J 
4_iiaj 2^J-2 (J ^— d (_£| ) Jijl—JI «.l_ll Jl ^j->-l '"tl p i n*».tl ^j_a 2jlj^>JI (JLajjl Cj z Jljl^s ■ Laji ) 3jlj^>JI (JLSjjI 
4_ijIj^>JI L^si-Lal LjJ ]| /qJLc ■ -^"^— > < Lg-Lu ((j^LtuJI /q_<-uj»JI ^j_a a \j ^Atl S j I j_>J I 4 ^o^-* ljLui> j^mj 
2j_ibl_ksj .jj-tJL>s (_^jlj^>- (jlj-jl /«— i-is J Jl (J i*aj (_yi>- (<> 1 n->tl Lfl>J aAj ^_jJ-II 4_ii^=JI 2jlj^>JI 4_ui^= -1 Lag I ) 
r-Qjso 2 ^j-^^- iouI J I Jl>- Sj ri^-i cLu1_l>-j 4_uj/jtjjii '"'' aaiaj a i_3_jjJi Ciaj I j" La a. ^ a ^j^— » a ' 2jlj_>JI (JLalbl 
4jjIjj>- iSLLs Jj-La-i 4_aj| J a j j 1 ^- ) j tjl 1 u tVI ^ 1 ht^ 2jIj.^»JI (JLSjjI 2j_aiLLaJ LJ »£ ^^ ' l5>^ '^tH 8 - 1 *- ) l- il> ^J 
2jlj^>JI (JJljlaJ I Jlj>- 4_ajjj a jj 1 ^- ) j 4_Ls^jj_a ^j ^-." La LJLc. ^jLcuJ^fl 4_>-lj i_3_jj_Lsj .4_i 4 La-L>JLl 4_!LliJLI 
(JLSjjI (j 11 ml aIJlJt" i iiU Lg-La clj-JS-l A_ a! L^ji_ii^=) ^_ -^ 1 ' -^" 4_jJj_Lll Sj J - ^- '' p La * a >9 .<7_\_jfc Oj)j_LaXI 
CjI 1 1 nL>JI j_J1>.j ^Li-ll CjuLie—u/j CjI J^*j>Jklj CjL>-MiIlj *lj-(JI ■ a ^^^~~*"j 4_lajaJI »j j--' ^llLa^ .2jlj^>JI 
(j|j a£ J-JLSj (J^Lj/I (jr JLl p L^aj LiLWI i<t\l j" ...I '£. a J uau2j I JjL-UI (j^ ♦ j^tl ,j Cj LJjjj-aJlI I j 4JVI 
>ft-4-a i^aj ^_ lj u ^— > IjJJ a j I J-^ I (Jl— SjjI (oJLc i_i-5tJJ9. .Vkj-uz 2jlj^>JI ( >l ...".^-.1 jj.jlajj s-l" Mill ^_ a j I J-^ I 

.Lk_j_i£.j 4 j 1 11 <i i"itl iSLLaJI diLt-a-rca j CjIjL 1 nil CjI^jjjIj (JILa ^j , ,^-» ^jj>.| 2j^>.| 







Modes of Heat Transfer tSjIjah JL2&l2>fe 

(JjIj i ntl (J^L>-j 4 ■! LiaJI -i'j-i' (J^L>- 4_2jj_La]| <>Jl-$-I ajlj^>JI (JLSjjI (<u-JJ tjJjj-ajjJLl SjIj^kJI (JLajjl . ' 

4 *^— • I i ■■ tj^^~ ■"' LaJi-ic. CjljLiJIj 
.CjljLiJIj (_plj) i uJl (J^L>- (J-«^>JI CjIjLlL) 2jIj^>JI J SZi *" : ( J_a^>JL) ajlj^>JI (JLajjl . ' 

Ja i-uaj| ^j-^ ej\j-»iJ' \^j i "1 (jl JljV j sjIj^>JI CjL>-jJ ^_ Jjj-^ -L^J (j - * 3 tSj-*^' < , ^ l4 > O- 6 '^dj^ J^"""*^ JljVj 

Steady versus Transient Heat Transfer j^^ljjSLaiSjljafl JL22I 

a jLlI t _^a I jaJ j-tiu 2 4JI j 2j i •■ ^ j « ■»"tl ^Juuj j 2u ■ •■ ^ j ie jl I j 2j ■ •■ a ja^a ) (j) Lai ajlj^>JI (JLSjjI 
^LlIuj .^j-ajJI *_a I < q"i i n a l^j-tij i_l!l_L4> (j| ^ia-lS j 2u ■ •■ " j lC j « ■»"tl Laj . U . ..jtl ^_ a U^» ^j jjf (j_aj.II *_a 
(_£l _A_Lc ^j-aj— !' ?«— « j[)jill V (jLjJU ajlj^s-JI (JLSjjI (Jjm-aj SjIj^s-JI 4__-.j.} ,jj^~~ '"' J *"' ' "M -jlj--"--!! (JLSjjI ^_ 
.|_£j^>.| Jl 4 ala-La (j-* 3 "'-' 1 ^~' J '*"'" O' U ^~~ > ^ ' U ^~*^ ' *Jl>- > ^' '^-f 2 J ^"'"' i_£ J--J' ''-" ■ ujJI (J^L>- 4ja_2L) 
4_lL>-I jJI i_3jj_IaJI (j| <LJL>. i=L lj S". . .. ^ (J-IaJ (j"*-*- (Jj— "-* oL)^^" <J^^*" *j'j- J> -" (JLajJl (JJljla (jl_S ^Ifi-a-a 

,_L>.I j >liia i>.Lflj Jlj>»j jLa JjLHI IL. j^— • ?j .( ^ - Y) J^— .'r.tl t AJLals S jJ,j a!L>Lj cJJi Jj-Uil 4_o-jL>JIj 

(J^L>- (j-aj-JI x— a j (iTi i n i>.LilII (Ji>-IJ 4-LLt.a 4Ja2j Jtlc ajlj^>JI 4^»-jJ jjl jl ^j 2u ■ •■ a j lC 4_J aX j '"»" <L»-^Lj 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 



jaiaftxtl 




> j lA I 4 t- 1 , aj I 



ill ..ia 4.C.1 ..ill 



15 O 



/ 



^1 



7C 12 C 




> ji r . ,, a \ i ^* 



L/\ 



5C 



15C 



/ 



7C 




15C 



\ S) ( i ii A , 



One-dimensional Steady State Heat Transfer Jb-lj^l Jij^2L*dl3jl>*JI J15IJI 

4_ ( Y _ Y ) J^-, ,t,tl a. j-^j^ j^» ' -r^ Jj_La jl j^ J}U. SjIj^JI JLZul jL2fiVI 4- ljii.t Ii] 

( _ ;r lc t_gJij) of oL^-ll ^_ (J|jJl^>JI (J_J^l3 jj_C (Jj_iJLI 7TjL>- Ji jlj «>" i "LlJ J rV*(M ajlj^>JI (jLs g.1" mi II J i^ 

LiUi '2— «jlj^>JI cjLj*.jj 4- <3j-^ ^JL-i-* oj-^=^ LoJlJ£. c>j-«^ oL^>ol 4_ Lijl j (jZi-ij 2jlj^>JLa .jl j^>JI ~ La ■ ■■ 

.<LL». j_U ojufe 4_ 4-i-ujJiJ i_3_o-i-u La J-&J Ju»-lj <>L>ol 4_J j flj i "t ,1 SjIj^kJI (JLaliJl ly <i i nj <UL>JI <>ju4> 4- 




•Ij oUJI ^ jIj^ J}U- SjIj^JI JLSiil ( Y _ Y ) J^=u 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Conduction Heat Transfer 
Steady State Conduction- One Dimension ^ij abiiij3jjAu.il j*w>LJb3ji>aJi JUuJi 



jl (_JLi^y lLj i ua (J^L>- Sjlj_>JI (JLSjjI (jrA- 



CjL^-jj '2- 3j-^ Ai-^J 4_JL»- i^- ^j 

.J-u-ajlJLl ajlj^>JI JLSjJLj lLj •■■jtl i_lUj> £- Sj1_j^>J1 
J! 4_l!L*_JI 4_^LLaJI CjI j ajU,l CjLjjJ^j. (j-a 4-jjlj^>JI S alUtl JLSliJl (Jutj Jj-i-ajlILi SjIj^kJI JLajJl ^jl 

'£— CjL_jj)^>JI a ^ i^ag] ^ T-" 1 '^ -1 <Ji— ^J^J' ^ jJ ^ >1 ^ ^Ijl— «JI J JjIj mil ^ fl3 .A-jjUJI j 4jjl mil j 4g]_«^aJI 
JJsLlaJI JLSjjI j CjUuj^JI CjIjIj-TlA^? A-^lu CjJljso Jj-i-ajlILa 4_JL^aJI -ilj-ll <4- ^- a ' -A-uIj) m«1l L# 



J^— i mJI (_y-i£- J— agju (j-uta i La i ua (J^L>- (Jj-^jjJLi ajlj_>JI (JLSjjI (JJljl/OJ .aj^>JI '"'' Jjjo^bljVI 3 La i ul aj 
( j JX _La lL ■■■j^ LiUj j-lC sjIj^kJI CjLj-jJi ^J^ LiUji£=>j (. U,,.jtl SjiLa foJ j ■=>^— o-") ila ■■■jtl LiUjJ (jrJ j/jJjJI 

JLlflJ (jlj^JI (jl L*^= -J^ »jlj^l (jl Jl ^ J-^"- 0^^= Ul^-I l^-IJOm JjLtll t^JJi jL^= I ol^-> J. .(jljjjl 

.^jlj^JI L^J *_iisjj (jr^' *^>ij| ajljj>- <L»-j-S ' " • ' a -- 1 jo I I ajfea (_ylc-t (JJl«jjj 3jIjj>- 

Fourier's Law of Heat Conduction: ^Ij^tl I JdLttjIUjj^j^JLa 




e Jl>-Ij i a da jj^a ,jj^~~ ' a jl Jl>- (J^L>- (_£jIj^>JI (Jjj-ajjJI ( T _ Y) J 1 '— i ■ 



SjljjtJI JL2IJI 




j:I^IIjjuL)jljj6)l(iU,uUuL«i 





r*^ 






' % 


1 ** 




H 










A = WxH 


^q 


J 
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i Jl>-Ij 4 iijVi (JjS (jj^~» a j'^>- (J^L>- L^j'j^* 1 ^' (J^^J^' ( 1 - Y) (J^a-: 



j Ax 4_^=u^u (jIjl*) lLjLw J>U. Jj-^j^L. SjIj^J! JLSli! o}Lcl ( £ _ Y) 3 ( V _ YYjM^.r.tl ^^ 

.(<_p=>*-JI «§r Jj^-tl) A 4jSeJa-m i»-L_a* 

.JijLlII yela-uJI JJ ^a»l uitl 7c.la.uJI ^ Salt-tl ojufc Jrt'nj ^m -»-U , ,.tl ^j^j 4_jj|j^>J| 2alUtl 
4jj"i i ii a «L>.j^ i"i (J^Lj>- SjIj_>JI (JLSlbl (JJlJLA (j] Fourier j_jjj_2 /- nMj-aJI /— ll J^}j^" ?•" '"' ' "' J^JiJj 

ajlj_>JI (JLajjl al *- )l /, Lg 4_Jj)aj»jLJI 4_>i_ij ilJI <L»-I ui^aj a j I < ■> II CjU>-jJ ^_ Jjj—iiJI * a LojJa (- i * uLlLi 

(j ' :: — i <u (_£jlj^>JI (Jj-j-a jlil jjjj-S jijjLaj fj <j i uJ (_£JlJI (JjjLSJI Ijuk .O>oj_iij| i d pi ii *_a 1 j i ii'^f.j 



dx 



(2-1) 



J 



k A dT 
dx 



(2 - 2) 



«j JlJU (J^/LlLo ^yjfc j thermal conductivity ajlj^ei] SjUtl LJLloj^j <-3j-*j Lo jjk k l.u«Lu]| c^jIj j! <^-f>- 

(j_jjl_l! 4_JLJbtl]l 2jj-l^]| r-l'iMinI j^«ij jijju>m J*l^— "tl 4-il^g, slj^j-Jj (2-2) 4JjUJ,I IL. Cjj^-LtlU Jj^iAj 

_ £ A (7, - T 2 ) 



Ax 



(2 -3) 



.^ \. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 







-Y^lla 

LjJ ^pJI 5jL^jJk]I ^ pjii^a ((o _ Y ) J^auill jiaJl) 0.25m ^ ■^u , „j 6m 4-i^jxj 8 m -d^la Jj-<-« ' '"*■■■ 

->U...lt sLLiJI (jJLlI ^Jl=J IL. sjIj^hJI CjL»-jJ> .-.M^— I ij. 0.8 w/m°C 0jOJ9 J-u^j2!L> ajlj^sJI JLflTuI JjsLl-o 

dJJ3 '2- i ^...t l dJJj J}U* Sjlj^JI (jl J-2a Jjl^ ,., U13.I .4 °C ^jLiJ! grU,,,ltj 15°C ■ **■■■" ^1 jJI 



0.25 m 




( ^ — V ) jtUi ^^u^is ^j (0 _ Y )J^u 



J*J1 



' ^^.,.tl -»• La 1 u <L>- 



A = 8 * 6 = 48 m 2 
kAAT 



q = 



Ax 

0.8 x 48 x (15 -4) 

025 



= 1690W 



M. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 







(Y _ Y )Jli* 
I jj 0.9W/m°C ^jL^uj k J-u-^jlILi »jlj_>JI JL2UJI J^Lta <d 0.3m 4 ^=a o ■ uj 5m 4-iisjx.j 3m 4x.La3jl lLjU- 
Jj^o ,., ,,,-J .2 °C J^UJJ ^jUJI ^U.Mltj 16 °C Ja5L*U ^1 jlJI -t. ...It Sjlj^JI oU-jj oJL^= 




( Y _ Y ) (JlLiI! (jy ^e_uisjj («-i-uj ( \ - Y ) J^— i i"i 

K = 0.9 W/m °C 

A=3*5 = 15m 2 

Ax = 0.3 m 

kAAT 0.9 x 15 x (16 -2) 



Ax 



0.3 



= 630W 



.^r. 
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Thermal Conductivity : 3j (jaU 3 jU I ^uLtf>« 

(JLSjjI (Jj—t-a l—£jl_) i_3j_*jj k j_ajil_) Li j_a^jj (Jj-cajjJL ajlj -».tl (JLojjI (J—aL-a-i Lxiajl /, a i n" 
oJl_ij*. -i'j-a (_jIJ -i'j-l' ' * ' ' ■"'"j) .Sjl )_». 4_»-j.i 3j-^ * J^»-J (J-^=lI ajLil ^j_a l£J qi u «JlJ»-j (_)^=lS (J^L>- ajlj_>JI 
(JLajjl J^L-a Li (Jjj^sjjjl a J^^p- -lljJILa .ajlj^>JI (JLojjI (JjaLta 4 ij*t Ls_i3 (J-u^ajjil <LuJijj (^jlj_>JI (J-u^ajjil 
s-lj-il i a j^^~'"j JL-j^-pJi LZLu/ljJ ^_j (JaAse I a 3jlj^>- (JLSjjI (J_aLta Li <LtjL*il JI3-II La-Lu *_ajj-a 3jIjj>- 
,_u_i-i5jjju ajlj^>JI (JLSjjI (J-aLta aj-3 t _ =r il_jJ1 (JjJlj>JI (J-Uljj .<LijL*il jlj_aJi oj 0" 1 u a 2LajL<aja (_p3j_*jj i_3_ojjj 

■ -i'j-U ^j Ait it 



^J 1 1 r~* all] U ojl )->Jl gjl Sli ll (J_aL*_a 

k (W/m °C) 



JjUI 



k (W/m °C) 



JjUI 



0.72 


i_j^Iaj] 


2300 


jjj^jl jJ! 


0.613 


M\ 


429 


4 1 ^ it \ \ 


0.54 


Lu^Vl 


401 


jj-oL^JJl 


0.17 


Uuu> 


317 


u.AJJI 


0.153 


a&_lLA 


237 


AQJ M a aj 2 1 


0.13 


j^iiLJ 1 La 1 La a 


80 


Jjjujl 


0.072 


u 6ji> 


8.9 


(34>" 


0.026 


tlj-& 


0.78 


E^l 



ajlj^>- (JLajjl (J-aLtjs Li yu-a 4 Lta-aJla ^j-uLre-LtLj »jlj_itit (_L_uojIiil 3 JL-p- Jl 4-£l (jl (JjJl->JI ^j_a 1 La a. y jj 
.<uiiAie_La «_l3 Li i. 1 Mi->tlj JaLLaiJ JlLa ajlj_aJL! (Jjj^sjjil <U_Oj -i'jij Lai .*_a3j_a (Jjo^sjjiL 



6 



J> 



ra 



A g 11 uij ^ rOLoJ 



^j^ jlauoi 



oj^all <_>«La jl^a. 

(_Lu-i5jjiL »jlj^>JI (JLalbl (_LaL«^a ^jj/LJa jL^>- ( V _ Y ) J*^-* ■"■ 



M. 







1 0-^-1 13 5 jLil (j_/a <j-\j>Q j.»a-L? I ^i^= (JM->-J (jLic i nil jjja ajlj^>JI juj_i_u jL^JaJj ( V _ Y) J^~* ■"■ " 4r- ? c - t *^J- a 

(Jj/LlSJ LiLJjij rOj-aJ <J^= <4- (L) O^ ^"-HJ (J^^j'j- 3 - (j^"j- i j- a J-^J-* ■? c - t ^J- a J-* ' ^i 1 ^ La^ X}^ 1 uX>*^ 

(>L>Oj-*i]l M_^= ^_^_4JlIL3 <jj ojIj^kJI <*-^-J-i jl (^1 Sj-SlLuiXI 4_!L>JI ^JJ 4_!L>JI J"-»" LaJii£. .SjIj^kJI <L>.jJ 
j_a (>j>. jj-«j]l J^L>. 4-LSTu.U ajlj_>JI A j-i^— jt_j Jj-aJI J ^— 1.' L* JlIc ( 4^1 uitl LiUj Jtl£. ((>ui>L>o^M i|_) 
t-dJj (JoiLljI Ly A£. j <=z <rj (q = I * V) (^-Jj-^aJI jlie_<_a]l 4-La ml^J aliajJ,l SjIj^kJI ix*^= l/j...**t ^^ 2 jUI 

: (^yL 1 o^-> < i^j^>- 1 ej j t^aj (Jj-i^a jlli jJj_^ 03^ O^J-* 1 l) ^"" 1 ij 



#1 

V /jfcA/ 



Ax 

Jl2J . <Lcj_«^>J,l t^C- ^"J'"''" ajlj^>JI CjL>-jJ ^_ ,_3^nJI (^gjl i a \ q SjIj^kJI (JLajjl (JjuLd jl (_ y i*_«-l 

M * 

4_Jjlj^>JI 4_jlsI jJI ej_d]| j_4> 4_j| (_£) A_Jjlj^>JI 4_JsLLaJI Jl 5"W ^jjj.tis ajlj_>JI CjL>-jJ IL. <j)j-dJI (j* ^'J^~-' n 

jLuJI 3 jLji (jl (jr -Lc ^--'j (i-uj^^aJI £_) (^j^^aJI jLpJI (J I S1JV ajI jjJUs (jl I -i^— -j .«jlj^>JI (JLSliJV 

A_djLiU (j-JLc Laj i.irta (5_Uj^=JI 4_slsI jJI ej_UI ) (AV) J (j7.il 4- 3j-^' l5jL_^ (0 U—^J6^~'^ 

^jjj_s jjjl_£ 4J.Ln^ SjLcJj /, *j j^-— II jLpJI jLj 1 n j 3jIj_j>JI (JLSlJl <LJjlJLa j^-— a) 4_JLc t (R)4_uj^^aJI 

4_taljJI ^j HI ) AT ajlj_^>JI CjL^-jJ '£- !£j-a3\ t_gjl inj q 2jlj^>JI JLaliJl Jj— <-a jt_J (^jlj^sJI ,Jj_i-3jliI 

Ax 

.ajLaJLI 4Jjlj^>JI A^sjLail /j <i 1 n" (jPilj <Lcj^>Jkl (jr^C ^"J'"''" (ajjIj^kJI 

- kA 

,-f ( 2 -S) 




.^e. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







A composite plane wall jLuAjuSy jU? j^^2L4l3j!>*ll jUuil 

»jl^j>JI CjL>-jJ 4 aixa&a -i'_a-a (j-s ' - ' ' 2 ■ la Cj^G (j^a > jj' : ~— ' " ' '*~^J " J'^*- ( A. T ) J^~* '" 7 c - l ^ 5 3- 1 
,Jj_i^3jjJL) ajlj^>JI (JL2jjI (JJlJLA (_ll in~>- jjfc < I fllLai, I J^— i mil ' 4_»_iisjjj 4JLlLs (j^= i * I a 1 »J pcla-m (_>^= Jtlc 




A j 



T, 


Ri 


T 2 


R 2 


T 3 


R 3 


T 4 

• — • 







■<^=>a jl Jl>. J}L>. Jjj^sjjJL SjIj^kJI JL21JI ( A _ Y ) J^=ui 



u>o (jl (j *— » i ' «Jl^.Ij 4_ajia (j_a ja ^— i a j" i u a jl Jl^j- (J^L>- ajlj^>JI (JLdjjl (JJljla jl (J I LlLiaQj jjal 

••AjJLlII iljUUI XJa-mljJ 

AT 



iA^n 

V 7kA/ 



J I j^L>JI J j^-tl (—4 lJj-^=J La-^= (jr^J S,UAA.:tJ Sj|j^>J| £».jJ>j (j^^l SjIj^kJI <L>-J.i (>U <jj>ill (jr 4 AT 



Ax 



R 4_jjIj^>JI 4_ajLlal! ^al ^-. 1 1 ^^ 4_La^=JI Lai ajlj^>JI uL 



M 



U1JI (- I I I ri \ 



(Jlllj <Ujlj^>JI AjlsIjJI ajJi!l 



: (jLb 'Ljic- (J-U-ajjiLl ajlj_>JI (jUj-m Juis jl Ju>JI L^jJljJ (_yj-5'j 

Ax 



R 



kA 



.n. 






j:I^IIjjuL)jljj6)l(il£uUuL«i 







f-fa.-*. J}L>- OjIj q jrt'n.iU 8j!j^>J! JLajJl Jjuca j! ti~x>.j .( A _ Y ) J^auUI jiajl < 4_l£=j_U jJ^JI <-lU3 

'.(Jb I -i^-— 4_2-lL (J^=J ajlj^>JI (JL2liJl Jjut-a 4_>Ll^= j)^~^ 1 ' c| t4 £ - '<— >L2jJaJ! 
1 2 



? = 



*1 

^2 



#, 



tjjl 77 I'm i ill (j ^-» 1'j'^ll ^jj3 Jj^'J 42-1 1 i nil Cj^jLtll jj^a 



7 -T 



R,+R 2 +R, 



(2-6) 



(j ^— i i 'J ' - ' I 2-Jq Cj^Lj jj_a ^j ^— i a jl Jlj>- (JM->- (J-i-i-i5jjJLl ajlj^>JI (JL2jjI (JjuL>3 4-a_L3 /— IaJLJ <U.}L*_I,I ojufcj 

II ^j_a ^j ^— i a jl Jlj>- (JM->- (JJ-i^jjJLi ajlj^>JI (JL2jjI (JJlJLA i il i n*«it jaLtll ^jj-lLSJI 7:1"'" i ul 4_2jj_LaJI (jgiAU 

. 4_a_t^ 




AXysii - Tj T n+1 



.w. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 







(T - Y ) Jli. 

.4_)jlj^>JI 4_ajL£jj »j / ==l£j a I Jiir" i iiLl (1) (jLLq-U I *^ i aJl (J^L>- ajlj^>JI (jl Jl23 (JjuLA <_il i n~>- j^ - * i ) 



Ti-T 2 



R 



R 



Ax 0.25 



kA 0.8x48 
15-4 



0.00651 



q = = 1689.7 W* 1690 W 

0.00651 



.LSjLj, Lj llLus^j (_jjJI ijL>.^(l ^j-oAj Luj-2j (j^j 



(k= 0.78 W/m °C) jrL^-jJI <>a cJrCLSJa i>« 1.5m 'L^j^ij 0.8m <LcLi3jl « (1- Y) J^-, ,t, cdL^i jj ^=uj 

JLSjJI J_aLta jl ^ lil . 10mm 1 j^T- A_uljjb 4 2xtaJ jUlj-^ii^aj 4mm 1 gflia e Jlj>.Ij J-^=> ii.L»m 

Sjlj^. i^jj cuA*= lil cdLuiJI J}U SjIj^kJI JLSiil Jju^j ,.,,,,-J 0.026 W/mK j^=UJI *|^ J^jliLi 

.-8 °C <^jUJ1 £U„A\ "oj\j^ a^jjj 15 °C udL-JJLJ ^1 jJI ^U„A\ 



: J-JI 



tjjjLSil L*-u 2jlj^>JI (JLajjl (Jjula 



I jJ i CjI 2 Ja Jii^Mj 'y/O lill (Mill ,j a^=a 



u* 



Ti-T 4 



Ri + R 2 + R3 



A = 0.8*1.5 = 1.2m z 



lill 1 i iill ?eJa-m 4ja-l i u a 



r-L>-jJI 4 2 1 La 1 AjjIj^kJI <LojL£JU 



R 1= R ; 



R 



Ax, 



0.004 



kxA 0.78*1.2 



0.00427 ° c / 



W 



«.l^jjl 4 2 Ja <LajlJLaj 



Ax, 



0.01 



kxA 0.026x1.2 



0.3205 



°C/ 



w 



.U- 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 





Ti 


Ri 


T 2 


R 2 


T 3 


R 3 


T 4 

- — • 







4_uL<JI r-L>-jJI aJLlLs 4_ajlJLa + *'_a«J' <uLlLs <LajLiLa + Jj^i' r-L>-jJl A a ila <LajLiLa =Cj}OJI CjLajLaJ,l po-a_3ta 



R 



ysii 



w 



= 0.00427 + 0.3205 + 0.00427 = 0.32477 ° C / 



q = ^i^ = 70.82W 

0.32477 



Heat conduction through hollow Aa^luLJljWtfl J}£ J*«a^LJLj3)l.>*JI Jtiiil 

cylinders 

' La i ua I ' 3 )!)_>■ ij a" i n a ISja i -^ la _La.flJ i_f3aj_u <Jja_i_uLI,! dJufc (JL3 Lo~L_u &Lo (J-a^vJ a ja-u/La ' MJ ' -^ ' '-M 
z_a ^jOILiLj a j_o_i-u LaJLJ ^>-jL>JI ?cJa mlla aj^ojj/LaJj (_yl>.l Jjl ^cla-mll ajl^jsJI CjL>-jJ (j) LuisjJa _aJ_a .aj^ojj/LU 



.\%. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 





(jr L>.| JlJI ajj-i-uLU /— 5e.La.uJ SjIj^kJI dsL>-j.i . k 4JI ala i ■■*\ ajU, (Jjj-a jlJ Ll SjIj^kJI (JLajJl (J^oLlsj 1 LJjlaj T 

dT 



-kA. 



dT 



dr 



4 i i riitu ajlj^>JI 4_»-jJ ^_j_lJlL!I (_^-ik j j_Li£ i_a_i^aj m£| Jl-Lc 4J| aia i u * I -- La ■ •■ 43>l i «» /, ft A r d~» 

t^yJliJI (jjJLUL u La »" ^*'ljt — VI ?J — 4_3*L_u^a .temperature gradient _> i-3jjlj U j-ifcj jJaJUl i L^alJ 

A r =2rl 

t\~T\ i nl jJ-^slaj -SjJlj>J,I J aL^auJl 4_jJLtc «.Ij_j*-Jj Jr j J7" di l^-iAlLt, I J lo£j J*JJ ^ (j_^^ 4r L>^ a d5 JL ^W 

". aj^ajj/U,! /— seJa^-u (j-U (J-u^ajJ L) ajl^_>JI (jLSlLlI JjuL^a < il i n"* i j^jjQJl ^j^ajLSJI 




t^LlIL^a u5>*"' °J3 jU *i ^"'.'^"'^~' S^Lcj ^j^— ij 4ibl ..ill iJ^mi 



q = 


AT 


In % 


27ikl 



(2-9) 



.t.. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 







.AjjIj^kJI 4jl3|jJI a^ill (_yA ATj (R) S*.)jt V| 5 JiU, AjjIj^kJI iajLU.1 (_yA 



/ r i 
2tM 



^jUJI ^Ja uJ I Sj 



:(0_Y) Jll* 
4- aJlJcTi-l-uj 6 cm (_yi>.l jlJI Lfcjiaij 2 cm I j^t- (k= 43 w/m °C) jV^iJl ^a kcj u^,a ^\jl — I Sjj^U 

(j^, 40 m Jljuj i^JJIj 4-1^=3 jljJLl ^ mU JJ <jlie_i^]l ,j-a ^>-LuJI *UI Jill (_£J^=j_U l_ajj^=l!l JUta 

. 4_j*.jJij 60 °C ajj i.iLaJLI (jr JL>-l jJI ye-La uJI «jlj-^«- <^>-jJ (jl Cc-aJLl I jj .(jUe—t^JI 
. L4J ^ La-Lj>J[,l 4-jjjJI Jl Sjj 1 iilXI J>-lj jj^a a \j^At I 5j|j^>J| (JjLta (. > i n^-l 35 C Sjj 1 iiLcJJ 

:oLUt1,l ^ .( \> _ Y ) Jj^uUL ^Ul^VI (j^igj 

3 Cm e5jL^ ( r l) (jri^l jJI ajj-i^UI J-taS lJi^iJ 

5 cm ^gjl i nj S*iljU,..VI iMqiii + (jr l>.l jJI j t-atl 1 ^,^,'< ^jLtj (r 2 ) C;r >.jL>JI ajj^-uUI j-laJa 1 *<--»*t 

40 m ^jl i nj (jy lji,lj (jlie xitl (j-u £aL_al,l Li^aG J^— ;j ^gjl 1 uj Sjjj-uUI Jjls 

k= 43 w/m °C t^jL^uj iVj-iJI S.iU J-u^jlILi SjIj^kJI JL2jJ| J^sLta 

:(2-9) iJjUIl ^_ L> i a j aJ aJlj 



q 



AT 

In 1 

/ 'i 

, 2nk\ , 

v J 



q= M-3/) =528903W 
In 5 / 



27i x 43 x 40 



Composite Cylinders :^US>X I ji ^ej^l ulJI^Wtfl JV Jju^Ub3,>^*ll JL22I 

<Uj)Jjl>jj r 2 (^y^jli*- j-LaJ9 (_a_i^ijj Ij (jr L>-lj j-LaS I a uaj LJ £a^s=ja aJL^Is <j| aia ■ uf jl j"«* VI £_ LJJl>.| Ijl 
( \ \ _ Y ) ^J*-— ■"■" 4r 7cji5jja j^k I -i^~~' 1 Li^iaj J Ji^ta I'lmn (JjL^- J^""*^ (j -1 " 1 aJlicja (j^-sLa (_y° (j"*"'^ ' 

:alof 



.n. 



SjljjtJI JL2IJI 




j:I^IIjjuL)jljj6)l(iU,uUuL«i 




4 1 ' x 2 ' x 3 



jaiaftxtl 



C^aJiir" i ui I -i^— » <U^j-u J^— i JJ ■* • ^— -j 1. 1 Ol ala i ■■> I £_ Lufc L^a I Jiitl<-u I ^j^— i 1 I <Ujlj^>JI <LajLiiU »j ^— a (j| 
(JJljla (jl_2 '"" 2 da Cj^Lj ^j^a *> ja ^— i " 4_t^=j_a AJlaJa i ■■» 4JI r-l")" i ul > j^-< i 1 ^Llluj * • *— ij 1 1 dajlj^>JI ^_ 

:SalbJI ^LJtL. L;r La J u ol^k^Vl J}U* Sjlj^JI JUlil 
AT 

q = 

^LUI JjUlJ t^-jLJJ! gia uJlj r.ljU ,.,Mt ^li.1 jj| ^U,„tl ^ 3jlj^»JI oU-jj IL. Jj^J! ^ AT d^p. 
J £=al 4_jjIj^>JI CjLajLSlI {ja jj^~- "j aJLL-JI aJjUJ,! IL. ^LU.1 jujo^bJu]! <j^ ^^ Ll* -(Ti-T 4 ) ^gjl . n"j. 

.^lilll JjL«-II 3-iLaj Jj^l Jj^"-^ 3-iLaj S*iljt-,„SH SjLo ^ 



In 



Ri 



2Tik A l 



^jLuj A S*iljU,,NI 5j,U, ijj|j^>J| LajLSlI 



R 



In 



27ik B l 



^gjl i n" B JjVI JjL»il aJlU AjjIj^kJI LojLSIIj 



.11. 



SjljjtJI JL2IJI 




j:I^IIjjuL)jljj6)l(il£uUuL«i 






In 



R. 



27ikJ 



^jLiJ C (_^JliiII JjL«-II »-iU ijjlj^>JI LajLSllj 



'.(^LlIL^a UUkJI ojufc Jil, iUJI ji^JLill 4_>Ll^= J^IJ 




I Aj Uj 2cm Cr JLi»|jJI Libjiai ( k = 85 W/m K) ^Laii!! <j_a <cj) ,^,a L^s-u^-u Sjj-^La 

i^.jj Cj_jL^= ! jj .(k = 0.2 W/m K) Jjl_t^= ^^ui^xJ 3cm _> sLLai^ i 4cm ^^jLkll 
(jljLSa.., ...-J c 100 °C ^jLkll <>9 JjUJI ^la-u. SjIjj. i*.jjj 600 °C Sjj_u-UU ^1 jJI j| jl^JI 



^Ja_^ Sj 







( 1 _ Y) JL U . l l (jy ^e_ui5j3 f>-"J ( ^ Y _ Y ) J^-i i"i 



.IT. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uljjljje) I |«k uUuLui 






Ml~tl^— a'.ljU,„VI 2 jl_a a^jjULj i_il m>j I JljJ i ( ) Y - Y) J^ 1 — SJ 2jLi^/Li 



Ri 



In 



In 



27ik A l 271x19x1 



0.005806 



: (^j n" i n [ i nVI ) (JjLaJI ioLa <LajLiLa <_il i n^-j 



In 



In 



R 



27uk B l 2tux 0.2x1 



0.7292 



600-100 



q 



ZR 



q 



500 



0.005806 + 0.7292 0.735 



500 -680.3 * 



m 



.ti. 







Convection Heat Transfer 

4_»-jj_a .aLal (jiwLui ?"_aJ LuL-tij jJ ^1 i a & JlJ^jjJI £— 4_lL«jlJI I_uLl>. ^_ 7-jlj-U * JlJt" i a ) La jj i <^-» 
i_3j_u/ I U^aJa .'LjJ! 7"J-!-5' T La ' " (_j-^- (j- 10 *J'J— *"' (J-*^ *'J-t^ o' (Jj^- 1 L^Jtlcj . ^_j_i i_3j^u 7"_aJU' 'j"4> (jL9 
I a C I LtalLj i_3j_ij/ <Lcj_i_u]| Ci-flCa La I jl J-aiJ J«jlj^>JI (JI_2jjI (JjL-ta (_y-lc s-lj-JI <Lc j_i_u jjj Li jjfc La (Jg.1 i n"it 
S«.Lt,Li *'_a«JI LlIj i"i i ill I j] j-iATu i_3j) i u «jlj^>JI (JLoILiI (Jjula (Jjfc j Sajlj^>JI ^Jl axil (JjuLA 
-- La i oJI ciLIj 3j-^ l£j ' " ! l^ 1 - 1 -^ ? -! '-^'_J *— »-Luj TcJa ■ ■■ <jl_) ejlj_»i]l (JLajJI j-fli (_La^>JLi «jlj^>JI (JLfljjl 

I -i i^— i ajuj-uj ajLU <l^=jj>. ojL^= I oJL^s j . L*-a (Jjj-isjjJ I j ,_La->JI jjj^jjGJI (Jjuso ,_L«->JLi «jIj_>JI (JLfljjIj 

«GjIjj>- 4_>-jJ *_jLa 4_IL>- Jlj>-LJ (J_a_>JLl «jlj^>JI < _J I fljJI 4 ^Jj J " mj j '^~*' «jlj^>JI (JLfljjl (JjLta (jl-^= 
4 ina^U.1 *jLI.I - 1 2 da jl a U^\l ^i j , , ,.A\ (j^sj .T w Lg3jljj>- 4_»-j.l 4_Li.l_ij/ <L>.j^ i"i ?cla ■ •■ /j-1^- *— il mil Tqq 
*jl_tl '"" 2 Ja jl (_£l < xjLJU <Ul^ i ii t ^ i*ii <i \ 4_>ijj_iiu]| (jc «Jljj«_JI *jLU 4jLda LaJj-i 4 '*~ '■ ' u jj t ~ 1 "' 4_>oj_iiuJJ 
«^m A£.j_tu. .( ^ V- Y) J^— ui IL. 4-g.j mil X±)_fA L^ll Mia ^1 ^ ui Jl>-G <L-J; mi II ( _ ;r ic. (_£J>jjWl1I oLso^I '£— 
4_3j.t.<uj. . (J-l-i^jIlI u jj ^jj 3 La-SJLJl LiUj JlJ£. ojIj^»JI (Jl 2xll 4_lLcX. ^jLa 'L'ic- J I ) aia ;_gjl i ui fcJa-mJI Jtlc 
-- la i oJI jj_fl 4_u^5JI 4 2-ulaj| JlJC xjHI ajlj._>- 4_»-jJ ^_ r-jjLJlII J »-lLaJLl (Jj-i-ajjJLl ajlj^>JI (JI_2jjI (J-aLva 
(jl j_A j_aVI (jl_^= I jj .(Jj-i-ajlLlLl ajlj_>JI (JLSjjI 4_IjLta a.\ JlJt" i iiU ajlj._>JI (JLfljjl (JjuLA (_il i h~>- I *'^-» a ' 
( _ ;r _ib A-LtSjiJI ^(^jlj^>JI ,J_<3J>JI (j£. (jjl CjJi^tjJI /els -- La ■ ■■ U 4 iii^^m 4 2 j La II JlIc (Jjj-ajlJLl J 2li *~ ajlj^>JI 
■x La uJI (jr lc (j-a ajlj^>JI J-2J IL. ^jU.1 ic.j_ij/ (jyJLc. lj_iil_L>s LLaTbd J-aoJLJ jcjUI »jlj->- ^>-J-i 4r ^J^^' L)^ 
I jj .^jLil icj_u ^jj-^ (jr-^ 1 Jl -*^ 7C-La_uJI JlJ£. ajlj^>JI 4_j>.j.} '£— rjJLjJI (jl (Jj-2JI I ''"'^— I 1 ' <■ u mtl I X-Ij 
,J_a_>JLi ajlj^>JI (JL2jjI (jl I -i^— i (Jjo-isjjJLi Lajlj (*jj -- La • oj| Jtlc 3jlj^>JI (JLSjjI jl Lajlj j^=Jl!i jl t_OiJ 

.fluid motion jjUI ^=>a- t-J Lalu LcjIji 




j"i i n a -» La^ u (_yic (j-a (JjwJLi 3jIj^>JI (JLfljjl :( 1 V _Y ) J^-* '"' 

.re. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Natural convection {(y^u^lHaJlj^sJl 

«.lj-JI I JLjb LiLj^tll 4~L inj ^1 J^-j3 "i? j 7"j-U' o- ^j-J' *lj-* L^j i-Sj-c. <4- Lii-L^u L>-jJ llt-^j I il 

s.lj-JI CjLLlLs (jji^s^Li^ 4J±aLi^3 (_p3l aJoV A_3=_uj (jyicl JJ tiJjj^ILta (jJe i uJ i_3j_i_u ?-jl! (j-u-a^LU s-'^JI (jLs 
lLsj-^jj J « "•«_' I 'f^— *j , ^-^1 , ,,tl 7-jJJI J! ^j^-l aj_a J[j_LLa 4-IsLl^= jljj-jj -?>h^ ?"J"^ J-^ Cr*"^ *-0^' 
s-lj-JI Jj 4_La 3jlj_>JI (J Sj /ylc. (J-s-tiS ^jjt-l i nil 7"_oJLJI (Jj^>- J— ><-I' <J-a^><Jl CjljLpj (-<i i n > La LijL^ta s-'_a«JI 
j^>JI J_*J»JLl 4_!L>JI 0Jl_i4> IL. ajlj-^>JI JLdjJl (jr A i.ij I j_J .4_L»-jL>. 4~L inj (_$! aIjlJt" ml (JJ^H 1 '^1J ~>U 

■ (g«nUtl) 

Forced convection ^^j^D^i^lj^l 

.Lj^l^. M-«^>- (J-«->iJl --■'-•»' ^LlLa <L>-j)j_a^= re-La-faaJI (_ylc *'%-!' L ^£> =e -^ L* 4 I J ' "J O-dJiir" i ul I jl Lai 

."il ^i iU'II I A" . " 1 1 a j IV, a ^^ i/m (j| ■» ^U" ... i ^'JLlJuJ VjLII A^—,j -v. (jr^- J-^Lla p ^- 1 -- ' LbjJ ,jj^~~ ' ' Lufc 

CiLz^ iii ( _ y JLc J La>!l (jl /) *— - <\ 1 1 j2)-a (ja^a ' 4JI i_dJj J I ■ aLuaJ .«.l_o-JI i—fl-u^iajj JlJ^jjJI (JLx^a A_ <L)j£.j_tl 
JIS'.'iVj ,<^^f Cj^Juua ( _ ;r Ll Jj.-^-^tl ^LllLij (-atoolaJI Jj^kJLj AJjLxa ^j mall J-«^>JI aJL>- \ j/"'^-— ; (jr^ 1 ^ 

Newton Law of Cooling ijjail jj^j^jG 

: jj^-lILI (2A5J-1 (jjjLa aJlJt" i .. < 'l!^*- ^^ i u i x-jLsj La -- u» . ■< (j-u <_L3->Ju «jlj^>JI (JLiLiI ^j-g. j-u-tlil? j 
q =hxA(T w -TJ (2-10) 

LjJ}L>. J 2j " ^pJI L>jj_iiJI geia ui 4a.l ma ^-b Aj (W/m 2 C) J_«j>JL) »jlj^>JI Jl alJl J_aLta j_<k h ^jaa. 

:(_ILiIL^= ijj|j^>J| iajLH,! aJujl^j iLajL_uJI 4JjL«J,I z<\~^ ( j^= L ^fj -( m ) «j'j^>^' 



q 



T -T 

w oo 

hxA 



V 



: 4JjLjJ,I LiLl^= o JiLcJ (>^=l^j ^yJbJLj .3j1j^>J1 JLUJV R jjUI LajLla iJ> Jb 



r 1 ^ 



T -T 

W 00 

R 



.H. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 






•c? ' "*J 7" " (lh° (J-«->»iLi 2jIj^>iJi (JLSjjI (JjiL<jj ( \ t~ Y) J^-— '"■ (jijjj 




(jl*jo ?eJa-m Jtlc (JjwJI <LajLiLa 7c_iis^jj ( 1 1 _ Y .'J^~* '"' 



.ulll <UL>.J pjj i. i i oa. JjiJsJLl SjIj^kJI (JLSjjI (JjaLva («_l3 ^j^»« ' (X~ Y) (JjJlJ»JI tl^-J-lJ 



h (W/m 2 C) 


t^jlj^JI J^J! gji 


5-25 


(*ljjfc) J^»- Jj**- 


10-500 


(*lj-a>) e5>^- J-* 3 * 


100-15000 


(*La) (^>x>- J-4->- 


2500-25000 


oLlo (J Lug 


5000-100000 


jl 4. i i U ~,^—,~ 



h (_L4J»JLi 3jlj^>JI (JLSlLiI (JjsLhJ, (CJ-5JI (_>^* ' 7dis3-> (V Y ) (Jjjtj»JI 



:(V_Y) Jlla 
120 °C ^-jJLJI ^Ja -■■ Sjlj^ 5-^-j-sj 1000 W/m 2 j^> ^Jljl* ^jJ ^ 2jl>*JI JLSii! Jjljw <jL^= lij 

.(_L9->JL> SjIj^kJI (JLojjI (J^aLiL^a (. 1 1 n^-l i 20 C i la-t>JU *'^tJ' ^j'j^ ^*-J-i 0-)L^=j 

* =hxA(T w -TJ 

_tV- 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 







% =hx(T w -TJ 



1000 = /i x (120 -20) 



.•.*=™=10- * 



100 



m 2o C 






R 



(I) 



T -T 

1 1 J 2 



/? 






(//) 



T 2 ~T 



(III) 




_tA_ 







jj£. ^^jLJkJI *_jUI J! ( _ r i>-l JlII *_jUI ,j-a 4lZLU,l SjIj^kJI ^j-i^-— jl rl'iMml J^— ij 4-fljl ..ill Cj^jUII ,jjs 

:4_JbJI *].sUJtlj er i a jLijljL>JI 

( T i~ T o) 



R 4- /? + /? 

convi J?-nji convo 



(2-11) 



/i. x A " " 



kx A 



/z xA - - 

(Jjuco <— )1 ( a>. ^j^-* <3 i Lo jl JtJ>J 4-^>*jL>iJlj 4_iLvl jJI 3jlj_>JI CjL>*jJ)J AjjIj^kJI ^sIjJkJI L-Lg-Ll jJ 4-iicj 

.*>U1 (2-9) JLtjUl f I j^i^L. cr^-jl^Jl jSUI Ji tyl^l JJI ^Ul ^ Sjlj^JI JLSil 

:(A_Y) JliU 
x_jjJ.I jj_«JL! ajlj^sJ! 4 m^ Jj-«-a i- < in->.l . 90 C 4Jj!j^v 5_>.jj *La 4_>j 10 mm 0jl Jl»- LiLaxj *La jljJ>- 

l_£jlj->JI (Jjj^sjIlJI (J^oul^o Jl>- .15 C i lo-pJU *'_a*JI ^j'j^ *^»jj OjL^= I J] jl Jtj»JI yeJa-m 4a. I i na ^j^a Jl>-IjJI 

■ Uj-hH *!jkjU ^jlj^JI J^kJI ,>U-aj 2800 W/m 2 C *UU ^jlj^J! J^>JI J^L-aj 50 W/m C jl j^>JI SjU 

.11 W/m 2 C 

.( A _ Y ) JliuU c^jLkJIj tylil jJI J^>JI -UxiU. J^j jl j^>JI ^jj ( H _ Y ) J^-,,t,H 



'.(^yii'.ljJI (Jju»JI 4_ajlJLa 



K C0BVi =— *— = = 0.000357 

h : xA 2800x1 



tjl J_>JI ajLi (J-u^ajjJI <LajULa 



Ax 0.01 



R,.._, = = ^— = 0.0002 



'^ kxA 50x1 



.t*. 



SjljjtJI JL2IJI 




j:I^IIjjuL)jljj6)l(iU,uUuL«i 



T,=90C 
h,=2800 



k=50 



T o =15C 
h o =11 




10mm 



jaiaftxtl 



R. 



R 



wall 



R. 



( A _ Y ) Jliui! j\ Jl^JI 75-i-ajj (*u-uj ( n _ Y ) J^ <S) 



j_j>-jL>JI JjiJsJI <LajlJLa <_ 1 1 n*».'i 



/?. 



1 1 



hxA llxl 



= 0.0909 



0.000357 + 0.0002 + 0.0909 = 0.0915 



(^-rj 



/? 4- /? 



90-15 W 

:820 -^r 



7? 0.0909 



m~ 



s Overall heat transfer coefficient /J£I3>I>*JI JGIJI<>Lw 

<7 =UxAx{T-T o ) (2-12) 

t^bJL^a (jj^.1 Sjj^v (2-10) HA*\\ a_>Li^= t>^=L<u .eri^aJI Sjlj^J! JL^I <>U-« j^ U cu-p- 




.r.. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 





J.u^jUlj J^>JL> Sjl>>JI J 1 ^ 1 < W _ Y ) J^.t, 



t^Vl ^-1 -<r,,„ I (j^-tflj (2-11) aJjUIL (2-13) SJjUJtl ^jLi<u 



1 

CM 


convi 


+*~ 


+ R 

convo 


1 
EZA 


1 


Ax 

+ — 

kA 


1 

+ 

hA 



x<Jj**\ Sjj-^v j I 



i' 



1 


1 




Ax 


1 










+ 


— + 




(2- 


-14) 


u 


^ 




k 


K 







e Jl^-Ij aJLlLs (j^a jj^— a jl Ji^>J (-l^aJI ajlj^>JI JLdjJl JjaL»_a LgJLa (. < i a xl ^^Jl 4jjL*il ^^ (2-14) aJ^UII 

.h 4J j^^jL*. (J^j>.j h; (Jj^jsJLi 3jIjj>- (JLSlbl (J^oula 4J (JL>-' -3 (J-«^>- 4jjjL». (_yJ-c-j 

j—lcj (£»<". 2 da jj_a j|j ^-» a) ' < ^- ij a jl Jl->J ■ l^-» tl «jlj^>JI < _J I axil (J-aLtl, 4_IjLta r-l"}" i u| ^j^— i a ' (_p-lL> 

t^tUl^aCU- Y) J^n A (^-jl^-j tyla.b J*^- 4-uJU 




.n. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 



jaiaftxtl 





convi w1 w2 convo 



tj^LlIL^a CjULlLs ^j^a a JlC ^j-a »jj^~" ' * J' J 1 - 1 *^ .,^*~~' *j' w h >1 ^' (JL^- 1 ' (J-<aL*-<a * '<■*— i ^j^— i a I <LaLc a j j i <a la 



1 1 

[/ ~/z,. 



,Ax 1 



(2-16) 



^_ (J_*j>JLi a j I j ■> 1 1 (JLSjjI Cj^LaLta h j h;j j I J^^eJLI 4 '*J' : ~— II '"'' fl-JaJI CjLajlJLa pj_»a^e.a / _ 



Ax 



.^jUJIj J^UI 



:(<\_Y) Jlla 

;u^lQV Y) Aot g^l J^,t,tl4. 

T3 ojlj^>JI Aj>-jJ T 

.50mm Lt>.jL>JI Z2A*1\ iiUmj 150mm Ld-JjJI jl j^>JI ssjt-tl cd^,. 



.ft. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 



h ; =10w/m 2 C 



Ti=20 C 



A=1.5m*0.8m 



^=1.6 



k,=0.14 



To=-10C 



h o =40w/m 2 C 




AX, 



AX, 



R, 



R. 



R W 1 ' x w2 

( \ _ Y ) JliuU ^j ( )\ _ Y ) J^=u 



3 . ' o 



••J-i! 



:(2-15) iJjUil f J^L^i U ^l^-itl Sjlj^J! JLHil <>U^ uLo^J 



1 1 Ax, Ax 7 1 

— = — + — L + — - + — 

k 2 h 



U h, k, 

J_ J_ 015 01)5 _L 
U ~10 1.6 0.14 40 



= 0.57589 



U =1.736 w /,oC 



m 



:(2-12) ^bUll AjLa--,,Mq2jlj^»JI JLSul J Jljlx <_>!,, ,-nt • 

q =UxAx(T 1 -T ) 
q = 1.736 x (1.5 x 0.8) x (20 -10) = 20.832 W 



T 3 -10 

q ^^^ 

v h o xA y 



T3-10 T3-10 



1 0.0208 

40x1.5x0.8 



:.T 3 =10.415 °C 

.rr. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Lfcj_LaJ9 ca^ajj Tj (jr L>-l jJI Lfcj_LaJ9 I Luaj j L UJj-^ ^J- : ?- a AJljt^i mi I ( Y * _ Y ) J^— i i"itl Tciisjj 

(_)i>-l J *-jU.I ajlj_»- <^>-jJ . k t_gjl i ii ) 4JI ala ■ uV/l ajLX (J-u-a jUj L) 2jlj^>JI (JLSjjI (J^aLtaj T (_»-jl-><Jl 
(JjsLjl^j T Ol aia i •■* I <J_o^>- f-jLU ajljj>- <L>-jJ>j hj *-jLilJ (Jjj-sJL) ajlj^>Jl (JLSjjI (JjaLs-aj Tj 4-J1 aia i u VI 
,JJ 2MjU , ,,VI jjik-lj ^j-" ">j!>*"l (JLSlbl (JjuLA (_il i m~>- ^j^— i i ' .h (_yj»-jl_>Jl xjLiil (JjUsJLi sjIj->JI (JLSjjI 




<J^>J| *_a a Jl>-Ij ^ 2 da ^j-o 4-l| aia i u| (J^L>- ajlj^>Jl (JLSjjI ( Y * _ Y ) J^—* ■"■ 

1 



7? 



/z.A. 



( (jr liJ.i J-4^0 (jr JL>-l jJI £-jU1 OsjULo 



tf 



In 



2tM 



((Jjj-ajj) AJlala i "VI ioLo <LajlJLo 



R. 



h A o 



((_^>-jL>- J-4-»-) ^^j-jUkJI xjUI OjjULj 



".(^LlIL^a '"'I Sola a JlC (J}L>- SjIj^kJI JLdjJl 4_!.}L*^a i|_ (jJajjjtlJI ^j^slaJ 



(2-17) 



Ti-T 


T -T 

1 


ZR 


1 ln 7 1 

1 ' 1 




hjA; 27ikl h A 



.ft. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 






(j ii mi I jj .i—L-UpJlj ^MjU ,„\t t 4_l>.jL>JI Ttla-i^JI ia-Li^aj 4_lL>-IjJI ?da uJI is-Lt^a ^^ A J Aj 




t^VL^a ojlj^>JI JL2jj! Jjuta ^ j^mlll .j^-l,' (Uj) LJjJjJI £>.Ldtl ^yic ^yl^aJ! SjIj^kJI JL2jJ| J^aLta 



q =U 1 A 1 (T 1 -T ) 



(2-18) 



^l^-itl Sjlj^JI JLili! J^U^ UjS ^hr.,,,1 JJj^ J^=lj (j^-iflj (2-17) <JjUiL (2-18) oVjUJtl ^jLI^j 

'.(jLs 4_tic .4_L>.jL>JI is-LjjJ.I (jr Lc 1 i ii i nj-d jl 4_li>.| jJI Aj>-\ mil f^jlc 1 ( ii i nj-a 

J^ _^ A >^ A, 
U7 "h7 + 2nkL + AX 

(JLSliJl Jjljl^o ( j_c j-l,l-<TlII ^j 1 ^ i ' 4JLa (U )<Ll»-jL>JI o^LjjJ.1 (J7 Ic (jy i^=JI 3jlj^>JI JLalil J^aLt^ (jjjjj/l I jlj 

q =U o A o (T 1 -T ) (2-19) 



1 



A, 



A n ln- 

O r 



1 



u. 



Ajh; 27rkL h 




"j> ^convo 



0*_Y)JIMI(Y1 _Y) J^i 

:( 1« _Y) Jll« 

5 cm (_yl>-l JlJI *j LaJa (k=80w/m C) j-Aj-JI jjj^>JI (j-a v^l J^L>- 320 °C ~°j\j->- *->-ji ->«** j\-><i iXh-^ 

^a 4 <LJaJ <_sj_±J^M Jj-C f*J .5 °C sj!j_^w 4-j^jJ J^lC (^^jUkJI s.l_a*Jl_i tlaL^ta 5.5 CHI (jr >-jL>JI <>j LaSj 

.re. 







JL2il J_«L^ (jL^= I J) -k=0.05W/m C <d ^jlj^-JI <_L^>i]l J-«U^ « 3cm 1 j^-v- Cf ».L».JJI lJsj-^JI 
<jlj^s Jjl^ .,, ,««J ««-*-Kp]l t^k. 18W/m 2 C j 60W/m 2 C Ua ^jUJI J**1Jj ^IjJI J^JJ SjIj^JI 

4_«jLiLaj jLje-JI 4_«jlJLa /^-A (_yJlj-lJI /7-k. CjLajLiLa «_ jjl ^j-« a J ' J— ^ I (J I— 2jJ ^ 4_Jjlj^>JI 4_ajLail ^j ^-."." 
.( Y ^ - Y) J^— > igJl ^_ Tciisj^a j_4> I -i^~~' (_ y »-jL><JI s-'^tJ' <LajLiLaj (_J>-L>-jJI 1 Aji^tl <LajULaj j_4>j_JI JljJu>JI 

Aj =2^1 = 271x0.025x1 =0.157 m 2 



A o =2tu- 1 = 27tx 0.0575x1 =0.361m 2 



l l °c 

R . = — = = 0.106 — 

COTU " AA 0.157x60 W 



, 2.75 
ln^ ln ^v °r 

R cv1 = — = ^— = 0.0002 
y 27TV 2jt(80)(1) W 



r i"<l aal 7i\ I I. r i „~+'\ /QJ 



In— In— °r 



r 2 _ 2.75 

27rk 2 l 2rc(0.05)(l) W 



O _ i 2 _ 2-/3 _ O TC 

^insulation Z " JJ 



1 1 °c 

R convo = = = 0.154 — 

convo hA 18x0.361 W 



0.106 + 0.0002 + 2.35 + 0.154 = 2.61 °C/W 

T^ = 320-5 w/ 

£ R 2.61 /m 



: (JjL«Jlj <_j£j-)VI (j-u 2jlj^>JI 4^»-jj (_il i n~».t 



T ; -T 2 _ 320-T 2 _ 320 

q ~ R convi + R cyl " 0.106 + 0.0002 ~ 0.1062 

320 -T 

120.7 = -^T, =320 -120.7 x 0.1062 = 307.18 °C 

0.1062 



.r\. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Thermal Insulation (£>L>*J I J>JI 

« / i-^."j .Li^L>- ajlj_>JI (jLjj_u/ ajLSjJ LujL-uI a JlJt" i n"t -i'j-a 4_Cj_«_3t^ jl ajLa j_fl> (_£jlj^>JI (JjLuJI 

< ij_l>- I j^ a »jj^~" '"' '- a L-JLcj 3 uaJlie La <UjIjj>- A-JL-sj^s CjI j -i'j-a <Lc_a-«-3!ia jj_a <Ujlj_>JI <UjL*JI -i'jJj p lajt a 

.jlj_ll I fl !"-»■* (j-L_i 4_jjIj^>JI CiLlL^jJJ (_Lsl (j-a «Jlj>-Ij «Ll J j^ jJLa s-'_o«JI (j! J] <— lj +" i u a j-ig. Ijukj .<Uj|j_a> 
(J-^= « J * i ^"j p j -i "■»" ^_ Luj/LuuI IjJ-i i_xJUJa ajlj^til Ajl 2 -i ^— i aJlJ-" i u < (_£jlj_>JI (Jj-*-J' (jL9 Uj^=j I <\ ^— - 

LaJ^-tfl tiUjij 4_L^=jij_a^l SjLj^lil CjLj^?jJI '£- j^jl (jj-Ai V 0jJl-2 La j_3 j 4_jjIj^>JI pb»: t| ^_ ^jIj^kJI 

.<La_ijJi]| (Jj-*-!' p-ts-i SJlajLa pjj 4_ujjl_m (JjIjjlII O-aJiir" i ul 
ge-La '"^1 Jj-£- *4- ^ '""_'' AJ^Jr" xij LuJj ila a£ 4-c>-l mil »t* -"VI ^^JL LrSj Q"j-1 L^j'j-^' (Jj-*^ (j| 
JijLlII (jj^>JI CjLOj" i n aj (g\ ^— ij 1 1 i * j^^-."tl p la > ^_ s.|j_jj| ^jLcaj /p-l-i-U «.l_tl Joa Laj. (J-ILa aJijLiJI 

ajj.lu1U Sjlj^-JI J-tiZ-J < (YY- Y) J^.*:. < a-Jj-UI oU.yiJI £- Liajl JjjlJI ^ jlSt" . .. j^ .SjjLJI cjL^LUIj 




l^li.1 JJ Sj'j^ 1 J 1 ^ 1 i> J 1 ^ ^j-^ 1 <^>LJI ^_ JjUJI ( YY _ Y ) J^.t, 

4— Lqti f-Lfljj^?j COrk t^rJ-lflJI ^j ^— j 1. 1 I a gg^auJIj A_j£jl]l JL^a 'A- LaJiir" inU Jjlj_«JI p_fl>l (j^a 

.iflilita Jl^— ,':,? 2 Jl£. i^- (jr^W L^^'j fiberglass ^^j^l 7:L».jJI aj-u^a ''JJ'^'.'J ' l -^ 1 ^^ pjir'if ul 

Insulation Critical Thickness J}Ui)£j*ll£UuJI 

jlj jl Jlj>JI LiUj J>L>- ajlj^>JI JLSjjI Jjuta jj-a JiSj La jl J^>i ^JjLc 2 jLa iaLisLi 4Jf (-SjjjJ,! jj-a 
JjLtll i<l am jlj 1 ^^-^ lj-l*^ l5' •*jl>*JI JLaHJl Jjm-a ,j-a JJLSlII 4r ^d)^ L*jI J iljLtll aJiUI I'Um o JiLj 
(JjLtll a^La iaLxisJj aJLiLj (A) jl JlaJI ?e-Ia ■ •■ 4-^-1 i n a ^2 «_S^Ia a j j a 1 1 I jLjbj. ajlj_j»JI (JLaliJl (JJlJL^s ,_La 



.rv. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 



jaiaftxtl 




SjLjjJ 4_aLjIb (_j>-jL>JI ?cla mil (J_a->JLl 4_Jjlj_>JI "LajLaJJ ^j_a (JlSj 4i^=Jj (JjLuJI 3jLl, (J-U^s jjJ L) 4_ljlj^>JI 
•.(j-uLajLoil ^j-a (_£l 4_tiiJ L*-i3 ajlj_>JI (JLojjI (Jjjl^s (JJLi jl -i'-ij-i ^LjJLij . ( _ r >-jL>JI -- La i oJI 4ja»l i n a 
4-SeJa ■ - ajlj^>- 4_j>-j.ij I*i fy>-jl >■ J '-^ a ' * ' -~" 'L-I ' ( YY _ Y ) ^J^— i ■"■ i „ )l aJa ■ u| <_)j_j-)I uJlj>.| jJ 
ajlj^>JI J S-flj .r (JjLail 4 _ y j»-jl_>JI j La^Jla k LfcjjJs 4_jjIj_». 4_d_i^5j_a LJ <UjLc a-lLa-i (J_ajjL>3_a Ti (_y>-jL>JI 
(JL-SlLlI (JjLjL^a (j-g- j-l,l-ClII (j ^— i i ' h (J_«j>JL) 3jlj^>- (JLSlbl (J-aLt^aj T 4_jjIjj>- 4_>-jJ (_£Jl-JI Ja-j jU,I j -r\\ 

: A_JLjJ1 aJ^UJILi 4-la.pJl ,1 <CLll!I J J uJa-U^I 7cia^.u (j-a q SjIj^kJI 

Ti-T 



q 



In 



1 



oJl-A (J ua\ flj j u-»*t 



27ikl h(27ir l) 

u >_il in^tj .r _I 4-ujLa 4.q.lS Jtlc (JJ _a_l»ic. 4.a->ja LJ q (jl 4_!.}L*JU ojufc jj^a i La > N J j 



k 
h 



(2 - 20) 




(_j>.jL>. <J-«^>- *-a 4j_ajjLA 4JI aJa i u| ( YY _ Y ) J^— i ■"■ 

• r cr JjL*^! r>>JI i-iU-miL i-3>*j La (^ (2-20) iljUil 11 — lj; aLtajJ,! r 4_a_iJ3 



.ta. 







(JLajjl (J-aLtaj k o j lj_je.Lt a_UI 4.L,L_?j^a _— — — J— a— _j (Jjl_-_ r-j—rJI i'U i J I (jl 4 fc»-*.\l « .j ^~» 1 ' 

J_2_. 4J 4_a-jja _---l (J J J -aJ Sjlj_>JI JL-uJl (Jj__a jl _JJ_ (jr _,t.aj . h JjLJI 7-La ■ ■■ _--£ <_La_»JLl ajlj_»JI 

i'Iii i ntl (j_c (JJL> jl (JjLtll j '-^ a ______ J^jj-i Laj_L_, SjIj_>JI (JLSjjI (Jj__a JJLtj. r cr (JjL_J — 'j_»_l i'Ui ntl 

. J)L_J g^| 
L*_l_ jl nf VI 4- £j-=*-1 ciU-uJI Jl^'V ia.Lv 4- <j-»*J _U> : L*-l_ <t!L__ jl s-e^! iS^'j f V' J'j---' 

4- Jj-~II '^1 1<« jl <j-« J-=-t_J Jjb SMius ^j ^— j 1 1 i _xt_=--l pfc»*« 4- ajLvJI ol_J,l C-l-uLI }L_a Jj-~ Lajiic 

J<J— - i_3j__ ajlj_»_l (JLSjjI (Jju_a j| ji^i (jr^*" ^J^* 1 ^ ' ° ' " (_£>— ■— ^-> _>' L r 1J ^ <— *JjLVI <>Jl_> 

4jj)j_ta ajj__/La aJLv 4- ?T>— "— ' cl)"— — 'I ' " *» ' — ' ^ la i "j" ^ 4_a_i_ i. i i n"».'l _jjl mltl I J__ (j— Lc 4_Lv^Ltj 

_La_»JL (JLSjjI _LaL_a — ■■— l>- r ' j j - 4___>jj_aj 4 La ■ uaj a 4 1^^~~ 0.05 W/m C <>J— ■— S (Jj— — >jj _LaL_a Li s_La_ 

t^-jVL-- r>->JI Jj-JI j-a- • _■--. jj^-— _' ^-t-JLj • L__jI 4 La ■ ujj a ^-y^^-— 5 W/m °C <___• j_»JI 

k 0.05 W/ or 

W =T^- w < m = 0.01m = lcm 

/m 2 °C 
_»-=»-»? L_L_ i-.ji.itl I JljJ (lmm £y» Jjapj^-s-o _lt_ ^ J_-| jj^-j __j__ ^^^vJI <_La_»JI iJLv 2_j 

.2jlj_»JI (JLalul _Jju_a 2-Lj £y> r-Lcj—VI tjj-i (JjLtll (j>s i'Uih i_£L) jLi—Jlj J— vJI *UJ (_t-uul Jljjt-i (jl 
(j_a J__| jj ^-" jl (j_^=uaj L_jLL__l ■ -I uaj| (jL_ 4_uj^__J| CjMj_i^=JI j| ti]>LuiVI aJLv 4- La! 
(JjLjta (j_a Jl-J^J i_3j_t^ 4_Ll2jv i ^1" i ii^LlII a jl_aj '~'N .' ^^~~*^ <>JLji> (Jj-C ol~^ y— JLjJLjj (JjLtLI ^j^vJI i s \ q i ntl 
.4_»iiAie-La 4jLt (""ill L^JjIjJV CjLvjJ jj^-<" (^LlILj 4 J )j j ^— » J I '" - '^^~' " J^ (j^° S^lj-^JI (JLojjI 

:( n _Y) Jlla 

•iJ^isj 7 mm 4_!j^. j La2j 3 mm u i^\ J-JI "j LaJa (k=0.15 W/m C) ^^^^^" ■■■>!; SjiLcj Jj>ta ^j^ i<IL 
jLlUI (jl_^= lil .12 W/m 2 °C 4J J_a^JL. Sjlj^JI JLSil J^L^aj 30 °C 43jlj^ ^j, la^j ^_ J^^^aj 5m 
a^vjj c_^L.a.-vLa <8 Volts (jL^= iJ.LLl.JI \'j^t, J>Lv j ^>JI ti>2j 10A i^jL^j ij.IL J I ljuk 4- jUI ^.'j j"^' 1 

(ja ^— > ' LoJlJ£. 2jIj_>JI 4_3.jJ j"<' (. r i n^-l aj ^", , „ t I (Jj« u,("l| i_3jj_li LoJlJ£. (JjLjlIIj lilLi ntl (j-L. 1 2jlj_>JI 

JjLJJ ^vJI I'Uuitl jjk ii.La-L.JI 



.rs. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 




( n _Y) JliXK Y£_Y) J^i 

:<jLa ^bJLj (resistance heating) 4_uj^^=JI llULJI A^sjLla JMi>- 
9 = Vx/=Svo/tex70A = 80W 



(jr »-jL>JI ,Iaj»JI 4_ajlJLa 



/?. 



7 



hx( 2/irJ ) 



" = °- 76 °% 



((Jjj-ajj )(JjL«JI ioLa <LajLiLa 



/? 



life 





InH 


= 0.18°% 


2nkl 


2n(0.15)(5) 






ajlj^>JI (JLalLlI (J 



ui^u^i 



Z* 







.-.r : =T o + qx^R = 30 + 80 x( 0.76 + 0.18) =105°C 

JjUil rj^>JI li-U-mJI jjfc ii.Lq-L.JI jj^-J LaJu£. .Y 

.'. r =— =— — =0.0125 m = 12.5 mm 
° h 12 



R = = = 0.2122 ° C / J7 

hx(2nr l) 12x2ttx0.0125x5 ^ w 



Inf //j## or/ 

J> 2M 2n(0.15)(5) /w 



.-.T, =T„+^x^i? =30 + 80x0.6623 « 83 °C 

J**lb3,>l>*ll JL2IJI J«Lw JUJbtJ 

}Lj_« 4_j*.jjl!1 (jV LiUjij J_<3j>JLi Sjlj^>JI JLajJl Jjljlx (^J^l j-J/Lys jjjLj LJ *_jLU icj-i-u <-_^L>>J ^al".^— tlj 
(Jj^kJL) ajlj^>JI (JLajjl (JjuLA (. 1 1 n*«. 1 ^_jjJI CjV.iLai.l (jl -»• La ■ uJI (_ylc 4^1^ i aJI ^IscIm *-JJj3 J J^— i ui <2— j2%2 
SjIj^kJI (JLajjl 4j3jj_La <j2 ^j'ii^Jua j-t£. I Ji^kj aJJuLLa CjI^jJlLo (JLc LfejLqlig. jf <_lUjj I Jl>- »■>*»* CjLS^Lc 4 _ 3 _4> 

(J JlJLA L^J \'l I I n~>- /jJ-II 4_S^LaJI Jjfc jLJ^-pU (^J^J-l (jj-lLS (jl Ljj^=j I ^^-—J \JuUajU jjj.LaJI J '^— >l (^^ (_L«J>JL) 

^_ aJlJt" i u3 ^_jJ-JI 4js}L*JI ( jr -iliJ 7c-La mJI tiijj j^J-C ^£j i u < x-jLaj i_AjLi3 TcJa ■ ■■ (j-\_) ,J_a^>JL) 2jlj^>JI (Jl alb I 
(JLSjjI (JJljl^s j_ib 4_j| /ylc (J-«3^>iJl-i 2jlj_>JI (JLSjjI (J-aljLA i_3j_*_i . h (J-ajsJL) sjIj^kJI (JLajjl (J-aljLA i_djj_*3 
2jIj^>JI CjL>-jJ ^_ JjjjiJI i_y^-~ ' ' JJ ■»• La i uJI <_lUj 4ja-l . na ^yi *_)j_a^ILa J^— d *_jLaj i_JLi<3 ?eJa-m (j-U ajlj^>JI 
(_JLc J-aTiAJ 1 i>»J (Jj^jsJLi aj|j_>JI (JLajjl (J^oIjla (jLa Uj^=j I i^~~*J .Aj^la 3 Jl>-Ij 4_»-j.} *_jLUj -»■ La i oJI (j"*- 1 

■ 4.LtLa ^ ij° <>JljJu>iJ 4-a^_« ^jjO (Jajvj ^JQJLlj OJuLLa CjI^jjlLo 

CjI aljj 4r >:' "^ l5J *•' J d ^->j i-uJ 4 £==)^>o ^.i <_uj * jl^a 4 .ta^jJI 4 -lLj-»-!I I ^Ll>- 4r ^ >!M-i 

J 4_ljljILa (^jL^j ^_ >«jLII (_)l > ii m <>t,_L>. (j2l\j£j\\ jj^-ij intLl t_3j_«J ^Juk 4_jjIa_JI )«_jljJLI 4 ^— >j > 4J<Ja ija^a 
Sj o" i n a CjLaljJ A_ xJULI i— )l i ii m C.^>- i >j La i ^a I , I ^jljj i ntu l_3^.ju 4 'j La i ia I , I x^lji.1 4^=jj>. La-Lu 4 rii^i^LLa 
i— )l - ii M (^ JlJI ?eJa mJI pjj Vjl JJuso I JljJlJso j •^-A 4_2jj_LaJ ulj i n<VI ^j^a (j-LCj-LJ' ^jjjuii 4^jjlX j 4JL>-I SjlA j 
ij>.jjJLII j 4 alit^aJI Jila ^jLJJ 4_uLjj_LaJI ( _ h 3lj^>JI l£JJJ ^r> j oJiLul Liiajl Laj^ta j xjLLI 4_La- 1 JlJ j? 4-lLc 

.(_^jlj^>JI (Jjj^sjjJI (JjaLtaj 4_iCjjJI 2jIj^>JIj 







ijjuu V CjLJ9^J-C '£— x-jLU ( j^>\^>- ilajj (<kJ JlS 4JLa <Jju>JL) SjIj^kJI (JLajJl J^aLta JjJuso XjJ ax Jjcj ' "~tj 

Reynolds jjJoJjj jj^c Cj1_£>L«JI oJLjfc *_a! <j-aj .2 Jl-jJlc ujjL>J Jlju L&JJ J_*-ajl!l ^ non-dimensional 
ujL^o^ jj-^aLal CjLjs}L«J1 o'j>-&, <j-aj . Prandtl number JjJlJIj_i j Jl£.j Nusselt Number cJLaJ jJlcj Number 

. h (JjusJLi SjIj^kJI (JLalbl (J^aULA 

X^LlA jkw ^£ uLuuJVI 

p X u x 1 . . - - 

|axc p 
Pr = — - — J^L* f^sjj 

k 

Jju»JLi SjIj^>JI JLSjJI J^sLta aJL>JI oJui> 4- C-.CJVJJ .^^Hj jj^-j ujLu-oJ^I (jU Rei < 5xl0 5 jl^ I ij 

:jft\£a uAyxtt ajJuuMJI Cj12s>UJI ^ 
Nu, = 0.664 x Re" 5 x p/ 3 

,, /?x/ 



(2-21)/z =(k/l)x0.664xRe1 5 xPr' / 






Re, > 5xl0 5 jl^= lij Laf 



Ww, = 0.036 xR e ° 8 xPr A 



(2-22) h=(k/l)x0.036xRe° 8 xPr' /3 



.it. 






pxVxD 




Re D 



Re D <2300 oL^= l^j 
Nu D = 4.364 

(2-23) h = 4.364 x(k/l) 

Re D >2300 <j^= I ij L«t 

<LJ9}L»JI (j_a (. r uiaj Cil mJ («-J9j (j^ 4_JL>JI <>lL-fi> i^_a ( ■ >j La i a a ji (^,—aljJ jj ^— •_' ujIj mJal (jL-3 

Nu D = 0.023 Re D a8 xPr°- 4 

:4j9^L«JI ^j^a JjijsJLi 2jlj^>JI (JLajjl (J^oLta <_ ' ' '<~*23 

(2-24) h = (k / D) x 0.023 Re D ° 8 x Pr ° 4 

(j-L-1 j ( TcJJ t 4_jjjI J t 4jj"i i n a ) 4 allie 1 1 -»■ La ■ u VI (j-L-1 /<u_i (J-a^JL) 2jlj^>JI (Jl axil (jl_2 4_aLc «Ld LaJj 

q = hA(T w -Tj 

(J-c^kJIj j_ jvJI ,J_a^>JLl a j I lj— >J I (JLSjjI 4 jj aX p ^— > *- i (JJ-JI 4_ujj_3lj] I Cj2.}I_*JU (j\ ^J\ \-JJk 4_J_a-uJI t— i^vJ 
£_ , U ,,,,11 ■»■ j * 1 1 | ji_ik ^_j Laii 1 i i ii tj I gJLuJaJ A. 4 aJOieja Joj^_£L Lij aj lL^39 a JlSjlx CiVjLjLa ( _ 7 _ii ^j ui-dJl 

v I uaJI I jak ^_<>LJj^=j Laj ■ ^"^— ja 1 j" - u|j n v I <^\ 3jlj^>JI (JLojJl 

:( U_Y)Jlla 
60 °C 4_jjIj^». 4_».j.ij lm 4J_ais jli-m.a 7c-ta ■ ■■ ^^JLl < (Y0~ Y) J^— iSi i 15 °C 4_jjIj^»- 4-a.jJ *l_a_* h J L- t ^-y 

t^Lj La i_mia.| .3 m/seC 4X.J uJ 

h (Jj3^>JL> 2jIj^>JI (JLSjjI (_LaLiL>3 • 

.j~ i ii t, I •- la i •■ ) I (j^a ^_p3^c ^J-a J^~* ' 2 j 'j^*" I (J ' *"" I (J Jula • 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 






c p =1000J/k gj k = 0.0267W/m°C j|a = 0.864xl0" 5 kg/m/s j p = 1.137kg/m 3 




j" i n a -- La i u (_yic (j-« (Jj^kJu ajlj^>JI (JLajjl :( YO _Y ) J*—-' ■"■ 



R 1 = P^^ = U37x3xl =3-947xl()5 
\x 0.864 xlO" 5 

M*c p 0,864 xl0" 5 x 1000 






Pr 



0.0267 



0.325 



r^JlllL^j J^JL Sjlj^JI JUlil (>U^ jj^jj cr^^j vL^^I jij < R, < 5 x 70 5 j| ^p*j 
Nuj =(k/ 1)0.664 R ei 05 Pr x =(0.0267/1)0.664(3.947 x 10 5 ) 05 (0.325) x =7.657 W 



m 2o C 



: Jj^jjU (2H5J-1 OJ- 1 ^ >l JlJt" i iL ajlj_>JI (Jl flUjI (JjLta (_il i n~>- I **^-» q « jj VI 



§ =ftxAx(I w -rj =7.657x(lxl)x(60-15) = 344.56 W 



At. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Heat Transfer from Finned Surfaces :l&i£>ll£$i*JI >5;l>*ll JL2IJI 

j^pj—U ^jijjLJS 4 La i ul a ■) 4_Ig. M-*j I— « Te-La ■ ■■ /^-Ic (j-« <J-«-><Jl-i Sjlj_>JI < _J I SUjI (JJlJLA (j] Ljj^=j JlJi! 

9 =/ixA(r-rj 

^j^— da <L>-_aj_a jl Zie-uajj a I Jiir" i iiL) h (Jj^jsJu »jIj^>JI (JLSjjI (J^aLta S-iuj ^)^— < ' -A ajlj^>JI Lk^l J Sj '" 
/_ <i i n" 5 -Clo-4 T-aJa i u <LsLiisLi A 4.3.I i nU s-SLjj (jL-2 4_ug. a .4_j^L^=jj_c ^jj ^— " jj] ^ ■^-. ^ » 4_Hjj_LaJI ^Jufc 
J*— i ■"■ 7c_iisjjj < aj u ^-» y\£— < .".I cJuLcjJI JuJcjjj .ajlj^>JI Lfc^_t£. J 23 *" (_pJI 4->-l i nil ^j-" ^j - ^ i—djLcjJL) 

■Jl^-i u<Vl OJLA (_>iaAJ (Y*\~ Y) 




l^U,>]I Jl^.'i.t (Yl-Y) Ji^ui 



.<Ujlj^>JI Cjz^LlII oJufc ,J'^~~ i uil (_>^aji ' (TV - Y) J^— i ■"■ Tciisjjj ( Lfc^_t£.j Ciljn i nil 




iUj oij ajjIj^. c^l- (TV-T) j^=u 



.ie. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







(2-25)q = ii F Ah(T F -T 00 ) 

j 4_nJ£.jJLI 4_ptia_i_a]l 4a»l . nU /. A A j (J_<3_>Ju ajlj^>JI (JLalLiI (J^oula jj4> h j 4_<iicjJI 3«.La^= ^^^ib Tip 'i*i* 1 

■ 4 rt if jJLl i Uj*«.U X-jLJU ajlj_»- 4\>.jJ (^yjb Toe J 4 iiir jJI jJl>- ajlj-*- 4j>-jJ (jy ji> Tp 

: Julxj ul J AJI^Wlf ^U^ V ISjIjJtll JLHIJI JaLm uU;> 




iiLcjJI ^k. Jll» (TA-T) J^-,, 8 ;, 



(2-26)q = A i h i (T i -T 1 ) 



(2-27)q = ^^( Tl -T 2 ) 



:^l jJI J^>JL. a^lHI Sjlj^JI 



•.(Jjj-isjIlILi 4jLajjJLI ajlj^>JI 



.in. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 






tcJuLcjJI J^^-j *-« (_yj»-jL>JI (JjwJLi aJLSHIJLi «jlj^>JI 



q = A h (T 2 -TJ + A F h T! F (T 2 -TJ 

(2-28) A, 

= A o h o (l +A ^Ti F )(T 2 -T o0 ) 



(2-29)A =27rxr (L-t F xn F ) 

(2-30)A F =7r(r F 2 -r o 2 )2xn F 

:jft\£* (2-26, 2-27, 2-28) oVjUI a£Lu^ ^V 



(2-29)1, -Tj 



q 



Aihi 



R ; q 



(2-30) Tj - T 2 



(2-31)T 2 -T 



2 oo 




q = R c q 



A F 
A h (l + -— )t] f 

A , 



q = R q 



:(2-29, 2-30, 2-32) oVjUI j-^o 



T 1 -T 00 =q(R 1 +R c +R ) 



'.^JLajs-^iI 2jIj_>JI (JLajjl (JjuL>s ,jj^~ » ' I J *"J 



T • -T 

(2-32) q = ! ^ 

(R 1+ R c +R ) 



R, 



1 A.-h, 



.iV. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 




(2-33)R 



R 



1 




A h (l + ^)ii F 






3 mm 1 j ^u o , „j 10 cm ^Ji.1 jdl 1 AjU (YA- Y) J<^ mu 7=-ii5j^ j_ib 1 <^=> Lp.jU. cJuLcj L$j 4_j^jJ| 
i$j-u±i .20 cm ^^jLkll 1 ^j LaJaj 3 mm L^la SJl^I^JI liL^m lJijLcj 50 jj^c L^-ik. y^-j a 50 cm LjJ^laj 

(JJljla (. i uia,| .30 C 4-jjlj_»- 4_>-jJ j_j>-jL>. *'j-$-> 4_LsLtaj 70 C ajlj^>- A_»-jJ JlJlC <_)j_jj2| ,_)_». 1 .5 eIj-A 
2jlj^>- 4_»-jJ (. i ma. I /<uJ c lJuLcj (JjJ^j <LJI aia ■ u VI aJL>o 4_JjlJ9 pjj lJijLcjJIj <_ij_jj 21 j_ic 4JLSHIX1 2jIj^>JI 

3 er^jL^I 15 W/m 2o C ^1 jJI J_^»JLj SjIj^JI JL2il J_«L-« JlJ»JI . JjVl UUJI 4- a^ljJI jl^ 

.85% Uu^ji\ 2*U^=j 54 W/m 2o C iil^k^Vl "oU aJL^j^j W/m 2o C 

A; =27rr 1 L=27rx0.05x0.5 = 0.157m 2 

: ( _ 7 _>. j L>J I 4 )l a La ■ u j I tU.h <La»l i u a i- < i n "s'l «3 

A =27rr o (L-n F xt F ) = 27rx0.053x(0.5-50x0.003)=0.117m 2 
A F =7r(r F 2 -r 2 )2xn FF = tt(0.1 2 -0.053 2 )x2x50 = 2.259m 2 

'. liJ ^-\jS\ (Jju>JI <LajlJLa 



R; 



1 



1 



Ajh; 0.157x15 



0.4246 



Ah. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 






R 



In 



27T k L 



In 



5.3 



2ttx54x0.5 



0.000344 



R, 



1 

A h o (l + ^)T! F 

A y 



T -T 

1 OO 



1 



2 259 
0.117x3x(l + ^^^)x0.85 
0.117 



0.165 



70-30 



q = = = 67.8 W 

(Ri+R c +R ) 0.4246 + 0.000344 + 0.165 






A = 27rr L = 2 xttx 0.053x0.5 = 0. 1665 m' 



R. 



'• 1 x 
v A o h oy 



q 



T -T 

1 OO 



70-30 



(Ri+R c +R ) 0.4246 + 0.000344 + 2.002 



= 2.002 m 2 

0.1665x3 

:i_a-)Ulj (JjJlJ 2jIj^>JI (JLajjl (Jjula ,jj^~~ » ' «LLaj 

16.48 W 



311% Z-LuAi lJuLijJI i!L>. iL. jjJj SjIj^kJI JLSTuI Jjul* jl ^1 



tcJuLljJI jJl>- ajlj_»- 4^»-jJ (_ll ) n~>- - 



T 2 =T o0 +qR o =30 + 67.8x0.165 = 41.2 °C 



.M. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Radiation £UftrU3jijftN JLluI 

I jlj .j^>- VI i_3j_laJI (j_a 4_i a^— , „ 1 1 jtjJJ J i-Vi Sj|j^>J| jLa i_t-J '£- ^Juta i . u uaja <— 2j-La f-^J > J] 

jjt Mill jLa t-j-^ill ^^yiJL^- Jl>-I (_yic J^jJI f-^J Jllcj ■'-^^ (J! J '^" 2jlj^>JI (jLa <. r^ltl (jylc ^Jj>j c^a-iij 

aJiLa J}L>. <-3j-*J La^= Jj_uajj]L cJLSIJl ajlj^>JI J J VI 4_!L»JI '£- .LajLJS Jljj V Jl_JI fj\ ajlj^>JI Jjj-s^j 

L!L»JI IL. Laf .^ Iff JJ 4 j 7-" 1 1 J-a^>JI cjIjLu (3d>^ l>^ J^lli SjIj^kJI (jLa LuliJI 4_JL»JI '£l.j ^.j.^stl 

LJsLlaJ /- a i n" LjjIj_». LJSUa x 1I1J aI m~>-VI *_Lai>- *»■ la mlj . fit i'iVL cLLSjjI ajlj_>JI j] (JjLLLS oj.lj>-VI 

«.lj_<U»JI Ci->J L*_iiVlj j_jjljJI L»_iil jl 4 j i -jt».l *» ^jj j^~- II <-— iL=*-_^JLl 4Ja i ul aj LaLLaJI ojufc ^L^jsoj pLtiiVI 
(j_C I aJOis 'j Ljljj>- i^Lkj Jj^j>o 4j i aolal Li aaj j^~* CjL>-jjj I J^^— a 4_u_u_a]| 4jljIuVIj 4La . .. A* ,tl Jjj^i) Ajuli Vlj 
. U» i , „ j J I rLljso V J ^j LtaJI Llj_i_uJ J - 1 -i J 3j i u a ' "J La ^- ^_ J *"*" CjL>-jJLI <>jLjk .CjLs-jJLI JaL) <=L 3 ''"'* ' 
LaJlj <U3 JLtIJMJ (^JiLa .U,.,jt rL"L>o V sjIj^kJI JLoliV ,_£j^VI JjJaJI <j-a^=LC ^^ L4JI (_£l .4j3 JLolJ}U 

L>-jJ> j| Lllia ej\j->- Ll!_a^- aL<_io*VI ,_L4= £-""JJ •pjj-^1 J^Li- f-UuiVI ; t lj; JLajjVI sjIj^kJI «-glaluU 

. I_L1^>. ^j-a «jl^>- )» i"i"t I j'^-* (J-uLLII ( 2 ij j a> Via 1 jlj Jlj*JL£ Jj I la I , I ) a uaJI ^j_a ^j^al L$jj|jj>. 
<U>-jJ jl /«_i_u_>JI ^j_a Lajl J («J-i (J_a->Jl_i ajlj^>JI (JLojjIj (Jj-i-isjjJ Li ajlj_>JI (JLojjI (jl 1-Lre.Lgjl JlSJ 
g-U mi VI LIU- 4- ^^a^^Li jjJlj>JI * (jr AJI (j-^=V 4 uaAieiXI Sjlj^>JI L>-jJ ,j] /o.ua!I ^J LJLtll Sjlj_>JI 
< I Jlj>- 4 1 iaAse * a «LjjI^j>- 4_»-jJ ' «a 1 uaJ (j M I 9 1 ^ fl a (j-\ 1 n^»- <j-u (Ojj jl (j^~* 1 ' ejlj^JI (JLSjjI jl ^Jb (_^jl^>JI 
«.lj-JI (j_a I Jl^- «JjI—1 CjLSjIaJ jjjj jl Ju«_l (_pajVI ttUiii ^1 (J-*^ jik i"i!I (JA (_^jlj^>JI g-LuI/VI (jl ,_LjJjJlj 

.m_ Y) J^,t,tl LiUj^= jia^l t LLJI 3*JI oUJa 4 



30 C 




(j-t <a 1 n-».n (Ja Jj-jI (Jj-aLill Ja-maJI (jl-^= jjj (jr^*" f"' * '"'VL SjIj^kJI J 2j " ( Y^ _ Y ) ^J^— 1 ■"■ 



.e .. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







Blackbody Radiation $ j^ip^^i ja£)IjaH£Uw¥I 

^LlILij .«GjIjj>- <Lj>-jJij *J "« j i da a (9cJa mJI ioLa pjj (_r^- 7* ' " l£' Lh° 4"'*"' 'tl pi * ctiVI 4Jslia Jl^jju 



<*-^-j-i Jl-Lc aLui^-^I oJl_4i (jj-^=-i LsJl-Lc * flJuSejfl Jlj>-IjJI p—*jX I ^p_fl-LJ ajlj^>- vi—tLu 4 flJuie 1 1 a! in^-VI jLS 

.Ijl^a "Black Body" j^Vl fs-^Lj 

■=* **— da -ij-i-ul 'LJj-I (jj ^~~* ' (jl 09j '^' ' (j "J^ l^jLh^' P * * - -Ij-i-uV! ^ i n*«itl jl (J I SjLi^l (j^a Jdi Lufc 

• l_£jlj^>j| pL«ji^U Jjj-uI 4_L^=Jj (judl (j-a^ul jjb JljJL>J1 Mj-«-3 .4_JLc *JaljJI rj ^aj\ J^~* j^'v 4JI (^J-*^ 

(( fl-jvju) 4_lLi£. (_ij_aj (_jJ-Il A-llLa^l ^j^- » ' i_dl_ui> jl zl 4-jLXLi <LjLa Ji^_i_uT /<> i n~>- i_LJl_ui> (j-uJ-J «LJI (jjs a£.jJLi 

'.LiUjl Jlflfl .Jjjj^M /fl !»•>!! 
.( V * - Y) (J^~* ■"■ J-*3-l' ' (j^-td pl>3 ' "3 ' "_J 2jlv»» 4J9lJa * l"l t ^-Lt-l^a rt I n~>- • 




uk2^ pLtiiVL »jlj^>Jl jlIoj (>« plj^ 4- (ji-L^JI >o.uaH ( V * _ Y ) J^=lAI1 

, IJiijll 1 Q I rl~>- jj^~~ ' ' (jl ,j*~— ' 1 'J Jt-LaJI rt I r < — »t T 1 (J_J^*- ~- '-^ ■ •■*! (jl-3 4-llg, .«j|j_>jl J^-— I (J — " < ' 

( V \ _ Y) (J^auTaJLl TciisjjJ jjt, 1 i '^ 4-i-Lt-a «J^t3 '£— 4^el2 • 



.81, 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(iU,uUuL«i 



jaiaftxtl 




JL 



( Jijjj/I p , ,,-^.^1-. SjxtLa Amelia jj 3 ) - i J"'- u ' (4iii> «.LiujJ 4_uLl^= ( T 1 _ Y ) J^— ■ mil 

3jlj^>- A-^-j± JlJ£.j . ajlj^>JI ^j— I LalLala CjLCuz (-JLiUI p i n->n 4_JI_i Jj_u/VI p i »->n i_o_jj_*3 > j' : — 1 i 1 'Liic 

.Jajjijl pi i n-s n jj^a^^^t '_)',>*■ *~~ *-^- 1 - 1 f> ' "^ ^^^J- 1 « A-Ln.0 4_»^j_a^ 4_Ln.a 

Stefan Boltzman's Law jUj^j jla ^j^JG 

. (_J VL^= x-ij*ajlui J^— i ] Jij i n VI /fi i n — »-r T 1 jj^a 4-DlLlXI 4-31 IaJI (jl <L)j_3ljJL) (JLo^jJ^j (jLa (_" i nl Jl>-j 



(2-34) E b =axT 4 W 



m 



jUpJjj jUa 



jIj (_,-* G i^-c 



'm 2 -^ 4 



cr = 5.669 xlO" 8 w / 

.1^ujZ\ Att\->r\\ <LuL*jjzI ajjJiJI f^JtEb J. ■- la i •■ U 4-aiLai, I ajlj^>JI <L»-j.} (_ y jfc T ajlj_>JI <L»-jJ>j 



-et. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 



jaiaftxtl 




:( U_Y) JIL* 

n in-w Jii-<w Sj_^=JI o_JL^= lit .800 K Lgjjlj^- *->-jJj 20 cm 1 *jU Sj_^= je-^jJ ( YY _ Y ) J^ uJ| 
.5 min 4- «j-^=lII j>« d.«~jt,l pLui^l ix«^=j jj-cuVI *n»-*l] aJL^=JI £xiLjjVI SjJlSJI <_ <-ma.La tajjuil 




( U _ Y ) JliuU ^j ( YY _ Y ) J^i 



:J*JI 



E b =oxT 4 = (5.669 xl0" 8 )(800) 4 = 23224 W 2 

^_J S^i==JI ■»■ U , ,, <L>-1 i na A. Ej, ( KiaJ LiUjj "j ^-»tl -»■ La i u J_y3 4 . 1 ^— . 1 1 C-l t i'i^I ^ j-i^~~* <— II ' u3» Jj *~~ ■ ' 

: IS j ^-— i ! I ?cJa-i-u <L>- 1 i ii a (. 1 1 ii"»i'i 



A =47ixr 2 =7rD 2 =7rx(0.2) 2 = 0.1257 m 2 

:JjjLJ3.} jiiii^ ^_ aj_^=JI TcJa-m (j_a - 1 41^= I II pi t i*ii 2 I 4_l«^= (_ll i h~>- ^j^— i q ' ^jj} 

Q rad = E b x Ax At = 23224^x0. 1257 m 2 x300 sec = 875.8 kJ 

m" 



.or. 







Emissivity ( £ ) sIuLujVI 

: ^UiJL^a (jLajJil^J (jb9 (_jJ-" OJ- 1 ^ ** ' J.' o Tg 4 rt I Vi t, I 

(2-35)q emitmax =axAxT s 4 W 

.(8=1) Jj i n 2 1 ft i n->tl (j^o i^jlLui pi » i"i2l 5-A_J 
SjJulXI 4 La i ul aj ■ LaJ» ) T s 2jIjj>- 4_»-j.i Jtlc /<u-u^>- (_£l ^j^o i^-CllU pi t mi^I (jl 

(2-36)q =exaxAxT s 4 W 

£ T-^*" ""*" K J JJ^'^ L^- 1 j""1^ a r"jb^ Lr^ J 4_ul_*jjVlj ■/<> i aSeJj <Lul_*jJzl ^^Jk S £*£>■ 
L4JL1 4_uLtL)^| c_3j^»jj «jlj^>JI CjUjjI '2- ( S = l) Jj^uVl fUm^JI SL^=L>J, /o-uaII SjjJLs (_yA (0 < s < 1) 
(j " fl ' Jl-Lc ±^-lux\ ft 1 ii*«iH 4 la 1 ul aj d«JLi-iJLI pi * i"i 2/ 1 ,JI 2j|jj>. £ya ( -»•'--■■■ (_£l) 9eJa-<uJI 4TiaTlu La (j-U 4 1 1 u ill 

. jlji.1 (j a « j 1 4_uL<TliMJ /<uJ9 7c-i^_aJ ( _ Y ) JjJ^>JI .ajlj^>JI 4j>-jJ 

ct. . ♦" j 1 1 pLtiiVI J J ft t«y]\ Ljii »"jj ^pJI 2jlj^>JI (>u aj^oIJI ^^ 4_uLtTLi^l (jLa Ljj^=j I -i^-— 

(j| (_£l :2jlj^>JI 4j>-jJ jj-oAj JlIc Jijjjj^I (<u-oj>JI 4 La 1 ul aj 

_ E _ E 

~E b "oxT 4 

. Jjjj/VI j^£. u 7iyi~^\\ ft 1 n^tl 4 Vi 1 nl^j d.CuI I pLtilu^l (jy jk £" <^~^>- 
t^yik A <laeJa-i-u «L>»I i n a ^£^£-*- ft 1 ua» 4 La 1 ul aj i^L-CllU /JL^aJI pi * mi^I 4_ui^= (jb2 j—ILlILlj 

E =exAxaxT 4 W 

4-JjTltkJ Tela iaj| I Jlj4>j A TeJa ■ ■■ 4->-l maj T s 4 iilVi a ajlj^>- 4_>-jJj 8 4_uL*jjI «U tt l-> 1 u i-l!l_Lf4> (ja^aj Lajtlc 
(j-L_) pit I'l^L) 2jlj_>JI (JLajjl (Jj_t.a 4J LtaJejfl (jl_2 T surr ajlj^>- 4_>-jJ J^_Lc (j>j_i_ul) /<uJr us j_ >-l »eJa ■ ■■ 

:ijJLlJI iJ^LtlLi (-Lajtj £>!-»- U,..tl 
(2-37) Q rad =sxaxAx(T s 4 -t)W 



-ei. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 







:( U_Y ) JUL. 

^_ p^~~ '"-"' 11 (jl (j-* 3 t*A>''- ' (S-O'— '- a 4r ' *~ '"^ 4r * L - ^^-'J »'" ""I 4r 'Aih!- 1 J * '"' ! (J-0"JI dy 3 J-*-^ 3 
(jLcuJ^fl p i n~>- (j-L- 1 pi t i'i^I (j-<s 5t3l_Lll pi t i'i^I j-ul_j ^j_a JO* '•"''! I Jl4> TJ-J-i- 1 ■ LJ-lLJ J-LaJ <l3j-i-JI 3jIjj>- *^-jJ 
.CjLJ9jVI J ^— 1^- 22 C L^jjIj^i. <*-»-J-S <^>£- 'Ar ( -^lj (_>^ie-cM LlULok .4j St-^t I * '**, ,.\\j (jljJ^>JI -- La ■ ■■\j 

JU^IJ 



I ^ La 25 Cj Ul" i*ii 10 C 4-L.iiyj Vlj lJlS-i uJI a ^jIjJl^kJI ?cJa i ■■' ajlj^>- A_»-jJ i La ■ uaj a 



■-La ' •■ 



<L>- 



ij 30 C ^j-^^- .".tl 2 



-»-j-> Jlj>- .4_j *> La-pJLI aJluJIj (_^aie iuJI I juk tj\-} pi t mi^Ij ajlj^>JI 

.0.95 ;_gjl i uj tjl i n \z\ ft i tia. 4_uL*jjIj 1.4 m ^-.■■i- .".tl 

:J^I 

r-ala ■ uJI ojufc (j| jLiTbg, I ^j^— » i ) ^LlILlj 4JLaL^= 2 jj < ■"■ i ^j-^~*- uA\ (_gjTL>.J "Luij Vlj i /tS . ,.\\j ^jIjJljsJI -»■ La i u| 
4_IjLtll_i TJ-La i "tl oJl-Aj ^j-^^" ,",n (j-LJ pi * i*ii2u ajlj_>JI (JLajjl (JJljla <_il in~>- ^j^— » i ) j—ILlILij Jj i nt p i ri-*. 

:^JLUI 
Q rad ^sxoxAx(T s 4 -t)W 

:*LLiJI J-ua^ 4- pL»-^^l Jj^»-a oM 
2 rad;H ,,„ = 0.95 x 5.67 xl0" 8 x 1.4 x(303 4 -283 4 ) = 152W 

:i a-ixaJI Jj-a^ IL. pLtiiVI Jjn-a <jil 

Q ra ,,_ = 0.95 x 5.67 xl0" 8 x 1.4 x(303 4 -298 4 ) = 40.9W 



S 4-uL^?l 


"ol tl 


8 ojUjjVI 


"ol tl 


0.90 


(jiajjl ^^lia 


0.07 


A&Ili Jl 7C_ll y-i-i* 


0.85-0.93 


Ct\flt,il 


0.03 


Uj) ^ ' ^ A (J-"^**" 1 


0.93-0.96 


\-S->*l * la-La 


0.03 


Jjalix ut-AJ 


0.82-0.92 


C-<-tTaTfc. 


0.02 


Uj ^ ' ^ A A ''^^ 


0.96 


*UI 


0.17 


U J ^ ' ^ A * t-Lt-o JoJl>- 


0.95 


(Cv-tTu-U 1 /C-UL>JI 


0.98 


jij_*_ul ^^LLs 



jljll (j a t j 1 AjjLtjJ^I ( _ Y ) JjJl3- 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 



jaiaftxtl 




Absorptivity, Reflectivity & Transmissivity :3uiUJJIj2uuL£4JVI >luaLaL»Vl 



I I n-s ll ■* la I ■■ 



JJ (J !•"> "1 J 






J=aUI f_UJdl 


^j aSa J a p ut-ui 






\ \ V. 


llu pLx-uJ 


\N j> ^ 


\ \ 






iaU p-Uji 





JLiJj jjs-Ij ^j aj i ' j^i-lj ^j ■■ ^-— i * h 4_La *j^>- p i n^JI (jr^ Ja^LjJ! (_£jtj^>J! put-Jail (. YY _ Y ) ^J*— — < '"' 

4_JLcT j 4J j-«>jj "Transmissivty" ajJiLULi JlsLlJI *j^>Jlj p -j ^J j-«>jj Reflectivity" 4_u^L=jlJ^L> 

r~"*" '^^ Jt>-ljJI (_gjl i nl ^jIj^kJI pLtii^U <u_^=lU slj^-VI o'jjt, pjji^a (jLa 

(2-38)a + p + x = l 

jjLfl 4j1c 4l&Uo C^sju J (^rl^aJI i^jIj^kJI f-LtiiVI 

a + p = 1 

Jijj-u^l p iii Tell (jLa 4-lLi 

a = 1 j p = 1 



-«V 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







, <|ft ^—j ,Ual ...tl c-U uiVI ^J /<i )»•>!! 4-La •■■lj; ^ aj -i 1 1 »U uiVJ £g-J 4 J uirtl L#JL) CX ^ .-^1 ,^.",*VI i_3jju 

(>_i ij-ijilll ^^ T LjjLilllj .lLjsL-JI pLtii^l fj\ L yi£=3JuX\ f-U-ii^/l <>j i^-LlI L4JL p^.-l^.WI i_3jju 

The View Factor jJS^IJ^Lw 

orientation ^^«j tl 1 j ,^»jt 4_i_calILi ?cia mVI oj^ib «_ lisj (jr^ 1 lt"-^ '" l£' lt*-^ fU uiVI j^^ltj 
4_l«^= jj- O-^' ,_, Lsju ^JJI J-aLtU 4Jl_i shape factor J^— uJI JjjL*_a <-3>*j .L$jjIjj>. •— J ^-J- S J W^l^Ks 

pLt-ii^l (j_a «.j_j>JI ^jyJJtjJ F^_ > 2 j-^J-^ ^ j-^Jdi -^h- 1 ^ T ^ ' "^ (jr^ 1 J Sj i "j 1 ( l) -- La ■ uJI J-iL*J ^JJI SjIj^kJI 

(2) Tela mJI jjUu (_£JJ1 frU uiVI (j-a 0^' ^h-l! Fj^j J .(2) gJ N ^ylg. j-aTn-u-iJ (1) 7cJ N J->L*J l^^' 

•.lj\ 4_Lk».}L« jj-^SL^J (T£- Y) J^ i!uJ S *<!.". ,„tl .j (1) -,U,„tl ^\f j X", ,„jt 

(2-39) F^ =0 

Tjk ,„tl aJL»- '2- \j-a-us i_gjl mj V J^=LjiJI J_aLtaj .Convex 4_)Ju>Jkl TJ^ mJlj 4_ta^VI Tjk- mJI <UL>- IL. 

I j miJ ^jj ^^lII ^-jU,..tl liUj (_^| concave Sj-atlXI 







(2-40) F ; _. =1 



-eV. 



SjljjtJI JL2IJI 



j:I^IIjjuL)jljj6)l(il£uUuL«i 







gt-^-HI I Jufc 4 Iaj. 77jL>- (jr-^J 7"J ' " ' a ^"' "" * J^"""* '"'" (J-<aL*-« OiJl I 113. p^— "- ■ 




t ^Gj_^=j-<il« ^ "j ^— ! J^— £il\ JjsLta ( TO _ Y ) J^— ui 



.oA. 



Sjljjell JlAtJI 



j:I^IIjjuljjljj6)l(iU,uUuL«i 







: JjVl JI>JI 

.(_£jlj^>JI < sjlaJI (j_a <uLJa (JjJ ,jj^~~ ' a jl JL». <UL>- <^_ <Uj|j^>JI <LajL<m (_yl*J I jLa • 

£r}_j ojlj_^»JI J eull J_4 .20.5 C Jl_Lc j^>-Vl pJa uJlj 20C Sjlj^v 4-^.jJ J^J£. 4-p-U mi Jl^I jl Jl^ • 

.Sjlj^JI JLdjjV <LslsIjJI ajJill ^yA La • 
.Sjl VStil a jLtl <LJ.ua j^a i— 3j-C • 

.Sjlj^JI L^JMi. J2H3 ^1 i^LcJLl ^ La .0.01m 4<^-m,„j (1.5m * 2m) udLui • 

jl Jc*il <UjIj_>JI iajLall (-n.ri-wl « AjjL>o <L»-Mj j\ Jj>- JlaJ i^JJIj ^Llll J^— uil\ '£- ■x-l&jX\ jl Jl^>JI '£- 
i ' I o i nj 5cm (JjLtll i £J qi ii Jl>- .jl jL^til <Ujlj^>JI ■ J ^— ■ ■ ■"■ " (<u-ujlj x_ij_a^La (J^aJ 5jlj_>JI (JLojjI (Jjut-aj 

.15 cm jIj^>JI 




Jjl^ 



k=0.04 



)l.la. 



k=1.37 




J_aLtaj 50 C »jlj-^«- <Lj*.j JlJ 2.5 Cm ^LJjJI Oj LaJa j *jN JljJlj>JI (j-a c-j- '^-^ (-JJ-iJt J^Li». *LII ^j mJ 

16 <d ^fjlj^JI J^J^ 1 J-aLtaj 0.8mm i-j>jjVI .'U,,, (jL^= Ii) -3500 W/m 2 C J-a^JL. Sjlj^JI JLSiil 

J_aLta JlJ». .<_sj_±j^l (j-a ^jJa jj_a J ^-i 1 ^^jLSkJI »l^g II *U,I (j-a SjIj^kJI (jIjlS^ Jjut-a i.nnt.1 W/m C 

.20 C ^jLkll pljjjl Sjlj^ <U.jj,j 7.6W/m 2 C ^jLkJI j^JI J^J] Sjlj^JI JU1.I 



-M. 



SjljjtJI JL2IJI 




j:I^IIjjuL)jljj6)l(iU,uUuL«i 




jaiaftxtl 



FL 



R 



cyl 



R„ 



4cm 4_^=u4xj JjL-»J a I taJLaj 5cm ^ii-ljJI I *jU . Jl^Jjj^o Ljjjlajlcm I j^T- j^j-ill (j^a ajjj-uLa 
SjIj^kJI JLSjJI J_«Llsj 20 C Jaj^sJkl *lj-JI 'jLh 1 *" ^O j J 100 C ( _ ;r L>-ljJI ajj-uUI ?da - - »jlj-^«- *->-J-5 
J_aLta Jl^ .JjLtllj (_y».jL>JI ejj-ui\X\ Tela ■ ■■ <>_) sjlj^»J! 4-^-J.i <- < in^-l . 50 W/m 2 C ^^jLkll J_«^»JL> 

. 0.04 W/m C JjUiij 54W/m C i^^AJQ J^jULi Sjl>>JI J 1 ^ 1 

4- *-«isj (k= 0.156W/m Qi-jLLLxa 3jiL<w Jj_c 0.635 cm ^jLkll aj LaS • *<-»'' ^Lj-^a J^y^a iillm 
aJL^= |j) . 21 C ( ^IjjJI ) i3jlj^ a^-jjj h =8.52 W/m 2 C ^ji-^ <U J^»JL> Sjl>>JI JL^I J*Lm *!j^> 

(iM qui) LJU>o 0_JL^= I jj J ;^^— Jl (j-« 3jj_lil,l sjIj^kJI <ju^=a i.mit.1 65.5 C J;^^—^ » U . .. ajlj^«- <*->-J-} 



.n.. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 



*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 







: JjVl Jlj—JI 4jU| 

l_£l Jl_lC (j^aj-JI *_ a j-iAIL) 2 sjlj^>JI (JLajjl (JJlJL^oj sjIj^>JI 4_>-jJ (j| fll *» a j 2j ml, I sjlj_>JI (JLajjl • 

.SjIj^kJI 4_tS J 2j *" (_£JJI da i ujJI <J^L>- 4Ja.aJ 
,Jj_»-i5 jjJ I (J-aljLAj Ax ■=* ^— » t - jl Jlj>- ^_ ^LlLa .2jlj^>JI (_)\j>j nit sjLU 4_«jlJLa ^Jt 4jjIj^>JI LajLSJLI • 

Ax 
kA - 

AT = -10-(-30) = 20°C>0 

.AV = Vi-V2 jl a^l 3> ^ ^^^aJI jLlIJI oL^>" 

. <U^la «Jl>-Ij 4-»-j-> «GjIjj>- 

A=1.5*2 = 3m 2 



7? 



AX, 0.05 



<U* 



^, 0.04 



1.25 "C 



W 



:^lill J!>JI <jU| 



R 



AX 2 _ 0.15 

A", "1.37 



0.109 



°C/ 



V 



JjLtll 4_ajULs + jl Jl^>JI LojULs - aJL^=JI AjjIj^kJI OajUUI 



^t < - R u 



R Wall = 1.25 + 0.109 = 1.359 



Ix-ij^ajlua (J^aJ ajlj^>JI (JLajjl (JjuLA 



zir (38)-(-2) 40 



IR 



1.359 



1.359 



29.43 



W, 



m 



.11. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 




*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 



r =1.25 cm 






:£JISJI JI>JI Jul*.} 



iLuJ 



= 1.25 + 0.08 =1.33 cm 



= 2^(0.0125 )x/ =0.0786 



m 



A = 2nr I 



= 2x(0.0133)*l =0.0836 



m 



R 



1 



1 



COVI 



fc,.A. 3500*0.0785 



0.00364 



7? 



convo 



A A 7.6*0.0836 



1.574 



7? 



CL7 



^» /* K 71.25 _ 0.062035 



2^-A;/ 2/r(l6)*l 100.531 



0.0006 






£# =1.57825 
50.20 JO 



1.57825 



= 19 W/ 

1.57825 /m 



-\1. 



2luLU!3ji#-jsJ! 
Sjljjell JliuJI 




*M 



\ . \ 



fjlj^lj uUjIjje) I |«k uUuLui 






:yljJ! J!>JI 4jU| 



r 7 = 2.5 cm = 0.025m 
r 2 = 3.5 cm = 0.035 m 
r 3 = r 2 + ed<uJl 



7.5 cm = 0.075m 



( _ ;r >.jL>JI *I^JIj JjLUj 2*tljU,,.\> t 4jj|j^>J| cjLsjLHI 



In 



In 



R, 



3.5 

2.5 



2tM 2n(54xl) 



-0.00099 = 9.9 xlO~ 4 °C/W 



ln^ 



In 



R, 



7.5 
13 



2nkl 2n( 0.04x1) 



3.03 °C/W 



R 



1 



1 



= 0.04244 °C/W 



h(2nrl) 50(2n( 0.075x1) 
AT^ _ 100-20 _ _J0__ 2603 W/ 
ZR 3.0734 3.0734 ' /m 



tf : 



T -T 

1 1 1 2 

R, 



T 2 = T ] -qxR ] 

= 100 -(26.03x0.00099)= 99.97°C 






7? 



= ^ = °d 56 _ = 00183 = 183cm 
h 8.52 
1 1 



R 



h(2ml) 8.52(2n(0.0183xl) 

, 7.83 
/n 

r. 



7.027 °C/W 



r 



0.65 



cond 



2nkl 2nx(0.156xl) 



1.056 °C/W 



R Tot = IR = 2.0767 °C/W 



AT 65.5-21 44.5 

q = = = = 21.4 W /I 

IR 2.0767 2.0767 



AY. 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



jJl^Jlj ubjIjiPtll pte. uLuuLul 



^IjJl! | ^-,n | ^ij q 



.(-ajj^ajJIj JJ>-<^I JUta 4- £^l '^■l'' 1 ^* lS->L^ JfcLilaJ 4-uLi^= {3jli*JI 

if 

(jr lc a j I j_j>J I j_u l_J 4_3jjt_a j ^ ^^"".f^ "^ *-^~'^ ^?"J>^ J A-SJiail <L>-j)jJL!l (J_aLta ^j-UJ jjj-oJI 4_3j_ts • 

4-i^=>l ■■■tl J-jljII ckjuis J^J^>>J • 

.Cjl^LajjUJ a I Jiir" i iiLl *-jLtl J^jljus (jj/l_iJ9 • 

.i^olail /oJaiJI ( _ ;r Ll (Sl"^-.tl s Laj) jlj q'iiiiVI il^Lta J^.'^"' • 

./■\ * ^j^l ajl Jl^>JI ijjuii (jLdjJ 4 j i n't ,J2j V ,jl 

:3d£L4l JjUyi 

■t^LiajLia -*■" 1 1 CjLlloUjJIj A I' -^ LtaielLll s-uj-uiJI (_£jjJLa Jl £o^>-jJI Jl r-Qjso i_3j_i_u . ^ 

.(^jLTJI p i all] I 4 i naL>JI 2jL>-_aJI 4 CiLfljjJaliJl *Ijl>.J . Y 

:3jlJL^IuLiUax4 

.sj-a <Jj2 CjIjL^JJ f-ia->- (jylc ujj JuJI (-.aj 4 a j t , I <>jui> <Jjj9 s-jj^u ^^-J^ « ^' LtUa . ^ 



1* 







A«JLM 

( _ ;r JLi »jjL^ jj ^— jj L^jjTcvj (_5j-.II 4_uij^l J^— • (5u J^— iSiiil aJLLUI -slj-U <_^-4> \_4JLj *-jl_aII 1 -^> J " 

(JjIj i ntl 1^— • - ;''^~~ '^" jjjjjJlj (_£Jl!I /aJL*JI jj4> *jIjJU L^aL-uL^a-Laa .CjljLiJIj (_plj i uji ^^^ -i'jJU oJ-Aj Qi£> i aJl 
(^jLiil j"^' Lr-^ 1 L"<L"<I ^-^*jL? UJ*^""* mJlj A < ~^J **- S I 4r ? tJ 'J^' O^J^ 1 L^ 1 -^' (0^-*^' >*>! (j^*-^- 1 Jl CjljLiJIj 
:^ a ' "^ JJ f-^J^' t^— ^'t^— ^^ p^' u-2j ^j^— > 1 ' 3-jJLuaJ I -iljJU L^ai-uL^aLxa £_ Lajiir" mil 
.(J3^=LiaJI 4_!L»- I|_ «jUI i ^£. ZjjJ-U (J>^l 4_lJjJ> ^yAj : ?-j'j^' L^a-uLL-ul • 

<L^3 j^tl ^LSl «JljII Lj/IjJi (_3-4j :*-j1jj\I \£=*±a\ Lj > • 

(^y^S .4_us_jjJI LuLl>. £_ 4-iaJj (_£JJI JJJ^I 4r J-^ 3 "" LoJlI£. LoLjj •- i ^"" x-jljJJ L^st-uL^st-i a 4_i_a_4>l (jl 

( _pJI A-uLil ilals 1 - nil (^ LbJijJjJ c9>^ J Lg-ajLJr" i n'< (jPJI - 1 lj j ^~- 1 I J .(JjLUI L_dj-L^=il! *l_a«JI (_£jL?=ja (J^L>- 

ajL-i-JI ^ taju 4_ul_a«JI CjIjLL^I 1 LibJ^a^J <_y^' LljIjIj '" J .4_uj^^=JI LSLLaJI Jl-JjII 4-jjLitjJI CjLLupJI 

l_ljLp- (jl (J— 1 I j I Q**-" A- 2jLj_uaJU I Jh il^— jjj_^=>J $.lj_ ( JI 4_ajlJLaj tl_l— LlLJI >i-fc 7= 1^2J J>J_J9jJI ( jj-jitlll 

4_jLvC j_ik l_LLulj_<ij LuJijjI ^_ (^j^so (_^JlJI SLpJI aJlJLs ?-jlj-ll ^^~~ '^''^^~~ <-£A (jyic. LaLaJ J-iyi-tJ Li "^'->- uil\ 

.x_i!jj3 I ^— » j )l ^— j a 
C^aJiir" ml 1!LjJ^>. J-jl_aII L^aijJL^aa^ JUta 4- ^J^>- (^JJI JJ^-"'^ J^= O^ (Jl ^ »jL^^' <>» J^"^ 
jjj CyLJtU J_ij-a erJ^I c^-^UJI Jlj Laj ■ L $J-^\ Cj^UJkl J^= 4- JL^I J-* U^= AjJ^I CjL^UJ! 4j£I 

.JU41 iJufclL. Ijl^j-l^s 



le 






Physical Properties of Fluids 

Density: p oli^JI /> 



iti£]l m fog 

f^l V m : 



P = —» = £^ (3-D 



3 
iSy>- • ^ ; ■ <=> J 20 C ZjIjj*. i^jj juc. *!^ilj .1000 kg/m ^jL^j 4 C «jl>>- ^>j.i juc. *UI £alfL^= jl 

3 

Specific weight y ^cjUl ijjji! /Y 

Li_i-isLjj 4_Lc j-<_suj .ioHI {j-a Jl^-IjJI i . i t^— i U^p-ll (jjj Jl rt-^eAJl sJl^-j (jjj 4_jl_j (jr £.j_Lll (jjj-!l (_3j^*jj 

r = — - a — = T7— ( 3 - 2 ) 

r = P8 = t f- (3-3) 

Specific volume v :^_p]| ^^»J! /r 

.ajU.1 (j-4 Jl»-IjJI aIj ^.aJL^aJI (<^*->- J I <Ul^=JI a Jl»-j 4 1 1 mi" ^JJI /sjjej>JI 4JLi (jy £.jjJI (OJ5ej>JI i_3j_suj 

V 1 m 3 

v= y_ = ^m_ (34) 

Specific Gravity SG ^j^l J2JI It 

4^>-j.} JlJ£. ^ 2oJI *m 4 bifida J *-jl_t.l 4 al".^— £fj_j 4_t_i^iJI (_y-<kj A-^-alll 4 al",<^— tl jLp»zl ^^ «J IL. ^ <i i n" 

.(4 C) Llu,LS]I "ajlj^JI 

_ \\ _ 






i^j > • 1 







5G = 






(3.5) 



; jjfcj CjljLiU aL*JI jjijLiLII ^j^a CjljLiJI a 3 I ". £—, ( _ , , n>'i La LijIj LiJi (_y-£>J LLk <LaLd> AJaj^eJLa LlULLiii 



PxV =mxRxT 



P 



RT 



(3.6) 



(3.7) 



I jl . 3.6 m pLijjl 



p=N/m 2 jllaJLl .Ui.MI 

R ( R= 287 J/kg K) oljLUl f Ull e^lSJI 

T (K) l7\Vi\\ Sjl>>JI a^-jJ 

p kg/m 3 jLUI iflli^a 

:0" V)Jll a 

c^-jj-i diiia . 4 m L^£.Li3jlj 2 cm ^Ji.1 jdl 1 «jU : tr JLl]L^ = LajLu? SMjU ,.,i 
.oj}JI £ali^= t_<.L.o.-^La 9772 kg ^jl > .." oj}JI 4±1^3 (jl c<-»Li 



: ^al".^— tl ji_aJb2 <jjs 



P : 



f**JI ~V m 3 

m = 9772 kg 

V = -d 2 xh 
4 



h = (ojjJI) iil^k^Vl ^U3jl 



:V '.'"^' 



tt 



V= '-x2 2 x3.6 = ll-31m 3 
4 

_ tV _ 






:Oj}JI ial!i^= ( _ ;r i£. Jj.^-^H a'al",^— tl il^Lta £_ <_p3jJLJ 




V 11-31 m 3 



:(Y- r)Jli. 
J^kJl) jlj^JI jI*jT i-^u^\^ 6750 kg ^jL^ *UI 3tv=i c^L^=j 1000 kg/m 3 <^l!i^= *U> ^JLj J^kJI 

:^LlIL^ (_^I^=j ^1 jj^slaj V («j=j>JI ^La 4_JLc 
V = /xwx/i = 2wxwxw = 2w 

1000 = «» 

3 6750 

w = = 3.375 

2000 



w = a/3375 = 1.5m 



.'. /= 2 x w = 2x1.5 = 3.0 m 
.'. h = w = 1.5 m 



■i,/\ 






J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 







.(J-lsIjjJI ojjJ (jr cjiJI <J-2iiJI 



P/ 



m 



:(V_T) Jlla 

1.6 k (_gjl i n" (y^[yii\ ojj ^ o£>-^ aJi^= ,-.\\£-^ I jj 
(0.001 m 3 ) ^1 1000 cm 3 ^jL^j j^I^JI jliJl J\ U> 



1.6 



V 2x0.001 



800 



m 



5G /= ^ -™ =0.8 

' A, iooo 



1* 






i^j > • 1 







Viscosity ^j.>lll 

4_j J '"" ^-»j jJLI CJ_ >j ^j_d I a a.) JjLu Mj-« «.ULLb i LJkj-La-i 4_JjULa 4 ^j g uu (_plj i oJI ^^ » l <_il mii 



L^JJ .CjljLiJIj (JjIj) 1 nil (_£) *_j|jj,l (J *—• p_*3 L-ajJj Ja *' a (JjIj) 1 nil (_yic 4-»-j)jJL!l j ualjs i z J. . <L>-_jjJLI Ll i_3j_*-l 
i_a_jj->ij (Jjl_>iJ /jJ-I' ^j-^ 1 flJl (jf_j ^ *-jL-tl 4_sjLiLa ^JtX 1 1 uLuLa LAjLlIcI ^j^— 1 1 la .*-jU,I um u >l *> ^j j 1 u ^rutli 
'£_ Ij ■•■^3 (j ^-— 1 ' 4_jjj^= 4_J^Ji_> <L>-j)jJLJI L_d_JjJU Jl (J-i-ajlJI ^j ^~- 1 ' 4_l!LjJI 4_jjjjejJI «.Ij^.I_)J <tl^= 1 ui 




j^>- Vlj Cj_iLj Lo-gjJ a»l ( 1 — 1 ) J^~~' ■"■" ' 7c_iis_o>a j) fr I -i^- 3) (j-\"i-»-jiiir~> ^J 1 - 1 («-jLa J_a^-J Luis^Hal I jl 

<L^=j^>J 4 j j 1 n U ajJillj A ?-jJ-!l •*• Iq 1 u <L>.L_u^aj y ( _ ;r a> (j-L>-jJL!l ^ru 4.al i »Uj U La>jjiJ9 4_tial •Lc.j < oj lLIjj^jj 

.F ^£$111 
I JLjb t>L^_aJL! I £rj_j *_jL«JL! shear stress <j^ * ^ $y[ *"' ' >j F aj_l!l j-uLl! 4_je.uJ 4_JI a_ijje1?1_i Cc-u 

:4_JLl!l 4jjLtI,Li j-LaJUg 4 ^— j — 1 1 LajULa (j_^aj T w _> 4J j-a>JJ vl j-^VI 



r,„ =- 



(3.8) 



(j-L_l 4.2 



Jg-J-i^i-U 4_i_l.u-l!Li U kcj mil I|_j_iAjJI J— a '- ' '"^j \'- [ & 0° ^ J W*-1 U' I t^3-j) J^-j 



r oc 



v. 






JjJ > • 1 







'•iX^ 1 5 JJ-^J 



//: 






(3-9) 



4_i^=Lxal_LijJI 4_»-j)jJLJL <L_L,lg, i_3jL*3 La jl 4_»-j)jJLJI (J^aLta-i i_3j_*j La /yjfcj I i i uLuJl O-iL) ^^^ |J, <«L^>- 

'.(^LlII ^jjjLaJL Ljgg. >-tJU LuisLj -4-g.^ i nil jIJljsoIj i _y^Jal\ ^L^>-J (j-u 4 [ i nitl (_ y Ji>J 




/' : 



N-s 



in 



■ Pa. Sec J£^' jl (^^'^"' J^^~- "^.') j^ (j-^j-^^H- J^— ^ ^LuliL^^-u) ^^ a^jjJLII CjI Jl^jj 



(4 jj! al Lt^aJI) 4 j^— .ul al *J^^ 4L>.j)jJLJL i-3j-»J La (—4 4 al".^—tlj 4_^=L_LaLbjJI 4L>-jjJL!l jJ-LJ 4_i_ 



kinematic Viscosity 



r 



P 



f 2 A 

m 



v sec j 



(3.11) 



JjI j uA l 4_^=_uLaLL^=JI ^jjJUl J\ 4 j ,„ ;tL cjljLAl! 4-i^uLaLL^JI ^jjUl ^| Lla 4 fc»^\ltl jj^>J 

J] 4 i i nilL 4 * ajj a (_plj i nit 4_x^=LxaLbjJI 4^>-j)jJLJI La-Lu .CjljLiJI 4 'M",^— > ^Ul A^-%1 ( _ , , , n t LiLIJij 4 * ^"j a 
Jai L^aJI jZ LiUjij JaJi tlaJI jj»" J CjljLiil 4_^=LjjLaLL^=JI 4L>-j)jJL? I j-iaTij .CjljLiil 4_^=LxaLbjJI i^jjlll 

Tahiti ty ] £ . jiijj 

Jl_jJ3j a j I j_ >J I 4_j>-j.} 2 jl_jj_i (JjIj i nit 4_»-j)jJL!l (J_Sla .Sjlj_>JI 4_»-jJij aj u ^a 4_»-jJtj 4^>-jjJLII ^pl_jj 
(J-23 (JjI mtl CjLjjiJj>. (2^—1 i U i uLaoJl 1^3-S (j! J] LiLIj *^>-^jj ajlj^>JI 4j>-jJ f-LajjL CjljLiJI *_La^>J 4_»-jjJJI 

4_La^= s-^Ljj t^l *jb- J> '-" ^-j- 5 f^-b' l^J-J^ cjIjUlII IL. Lai 4_j»-j)jJLJI J_S3 ^LlILj Sjlj_>JI 4^.jj 3jLj_i 

3_a-S J^-J>J Lr^'— ^L)J (jiaJi ■ ■ I J ,: -* ■ CjL1jiJ^>JI 0Jl-i4> a >l uaj (Jj^ta s-iLjj Jl (_£J>|_) l_a.a CjLjJiJ^>JI - 1 ^—j a. 

.CjIjLJlII 4j>.jjJ (j-a JlJ_)j Lj-a CjLjj^>JI ^^Li (_^a2JI i^j^J ■ ( ^^— • ~-*-VI 



V^ 






i^j > • 1 







i^jjlll <^k. Sj!j^»J! jjj'G ( Y . V ) J^.*:. 



O-"^ 1 



:(l.T )Jli. 

*UI ^J>!j = 100 d>L^= lij ' AJaajJL I SjIj^kJI 4^-J-i Ju£. *UU X (_>-stSJI jL^j-J Jl^jI 

rfy sec " *' "" " "'' 



10 3 Pa. sec ^gjl ml ojlj^>JI aj>-jJ 



r =//: 






.-.r =10" 3 x 100 = 0.1 Pa 



VY 






s 

Fluid static's 

CjljL^aJ J. .-.At! I juk £- Llik LjLjj ,_, ^" ^"j l;£—\ ,„tl «_j|^i,( iL. ajiiJ-LI (^j-ill i^uljJ jjk *-jUI ji_o^3_<-u 

Pressure kjuji 

LuisLjj .43.1 i n 1,1 o Jl>-j ^jjic 'UJ^jlII o^JLlI j^tjG jjfc i La » i ia ] I 



A ^b 

Pascal \Pa ) 



2 

m 



P = (Pa) JI^,..Ltl ; ^ j; ,U;,utl 

F = (N) lAM-' aj->j-»aJI Sjill 

A = (m 2 ) ejJiJI jjjIj oUol ^ylfi. AjJijjWlII 4-a.l uitl 



\Pa = \ 



(yj 



\bar = lOOOOOr/ 2 )= lOO&Pa 



(o_r ) jifu 

lLsJi lJiJI (.( i.i-wl . lkN LfcjjJs 4-jJj.^g, SjJ9 4-La --Ij; 5mm Oj LaS (piston) (j-oj^s-a SU.-.lj^. jLc. ilaJLLa *J 

jLiJI (_yic Lk_jj3G Jjj^la ^j^l Sj-2JI I ^u£ ^pl^ (_jjJ' (J ".'^~~' a JlcLJ3 <L3*-1 i na i. 1 1 « ->*i 

4 

_ vr _ 







i^j > • 1 



P = 



1000 



fx50 2 xlQ- 6 



P = 509 



kN 



m 



P = 509 kPa=5.09 bar 




o. r jiiuu Lr ~j^ J £ J_=__ ( y _ r )j_=__ 



ja_A£)l 



|_£j__JI 0j__ & I L__Bj9 (j! 4_p3J.Lt.0-l LiUjlJ _>-——>' I ntl *_•_>! (j-0 (<UL___ _r~^ 2 >J laJL I (_£j_JL! ij j I ^A «. Ij_w| _)j 

<_— — c _)l _ Sj (j- 1 ____i (_^l Jl_c jl j__U 4r l£j' ' "" ; _ !_——_] I _)l ^Q___l ^j— — ■ i ' 4JL_ lj— — _> (_£jL__> oL>_l _;l ^_ 
(b) ____JI j_lc J_____JI ^jl _u (a) 4_L__l!l ^-Lc J_i___l _)! _a__}L >_u_ .*__,! 4- - ___ t ^__a_ r l ^j___>l 

.(d) £____!! j__. lL____I _;j--^ ( c ) 4___ill ^-Lc jjJ-II l__L__II l_Jj_=_j 



Vi 






i^j > • 1 








Pressure Head biiai\(jJ&)Qw 




CgLflflC^&d'^T 

*GL .lii.^lt LlAj>*j <j-aj (p) (jjk »>Ul ( _ T ) J^slAJI 4- *lJVI J*- 1 J A*^ 1 JjL^JI £alii^= o^L^= lij 

4_LjiC J_ (m) 3jLt,l 4 1"^— <_sj_ii J-i^L*. (jr jfc (F) 3j_5JI (j) (j3j-U <jj-^^ O-^J 4J».I f.»« tl (jr-!Lc- aj-2JI J-uLj J-&, 
:4_l!Ll!I aJjiL«J,Li 4_Lc j-l*j jl J^— qj (P) ^y^a^llx.ajjJuJI tLai-iiaJI jl y|"ui«l J^— "T (g) A_ujL>JI 



P - px g xh 



(3-13) 



. AP = /> x g x (A/z) (3-14) 

h j-l_*JI jl Cuuuil (jr^- L^L^ J-ftTn-i lLsJi JaJl jl i La > y ) 



V« 






i^j > • 1 






O.V ):Jll a 

Ijj t LcUjjI 450cm j L-^j-c 250cm j VjJa 300cm ojLjI ijlji. g^ — cr^- ^J-M 4_1^=l!I SjJUI c_<j^o-I 

.; Jl£.LUI 4- ikSJ (jlc tlaJLiiaJI Liajf i_<^a^1 1000kg/m 3 . d".al-.^U ^L^j „jla ^ 



:J-JI 



(JjI i nil Sa^-C Qjj (jr^J 3 JlcLSJI (_yic S_p|i,l SjJiJI 




O.r) jtilK o_r) j^=u 

F = mx g 

F = (pxV)xg 

F - px(Axh)xg 



F = 1000 ^Vx 0.25m x 0.30 m x 0.45m x 9.81 -"V 

m sec 



F = 331 N 



o Jl£.LUI ^yifi. jJj-l! ukJuiaJI (>^=lIj 



p = ^ = 



331 =44004 



A 0.30x0.25 



m 



iljLtil aI jtitlij/l (j^~» «ij (_£>*■' ^£>Wi 



P = pxgxh 



P = 1000^9.81 -x 0.45 m 

m sec 



P = 4400 -y = 4.40 — - = 4.40 kPa 
m m 



■ 4-flJl l nil <L5j_j_kjJI jj-0 <L3t_LllII ^j mL) (_ y ^lJ 



VI 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







( v _ r )jii« 

(jl Cx^c li! j^uLlSjJI (>u .U:,^tl 2_ Jj>aJI -^J^ -j-^ f ^ 4- 200m j 300m Jj^. cr^- B j A jl"U^*< 

.1023-^- j^JUU tt££a 
m 

Jjjj all jL><jjj a U ^ i J_^=> jJx. JaJLuaJI <_il i oa. ^j^— » i ) ■ ^-» jjIj ■ "jj J J J I i La » i a 1 1 <U.}Lt/a a I Jiir" i »Li 

.aj_iil_La ^j-i La » i a 1 1 (j-u 3j-^' ^W^M ( 3-10 ) <^j 4jjLtil aI JiitL-ul jl {j* La » i a 1 1 ^j-Li 

A _Llc JaJi LaJI (■ r ( rl"».'l 



P A =P x S x h A 



P A = 1023x9.81x300 



P A =3.011xl0 6 Pa 



B a U^.U JlIc i La » i a 1 1 (. r (ri- 



^s = P x g x ^ 



P B =1023x9.81x200 
P B =2.007x10" Pa 



P A -P B = 3.01 lxlO 6 -2.007 xlO 6 = 1.004 xlO 6 Pa 



t^JQJL^a 2 Jl>-Ij ^U-v. ^_ i LaJi LaJI jjj-^ <— il ' "~>- > j^— > i ' 4_uLrJI AJLjJaJL) 

AP = P A - P B = p x g x Ah 

= 1023 x 9.81 x (300 - 200) = 1.004 x 10 6 Pa 



VV 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







( a _ r )jiic 

:,>• «djLu La I !q(101.325 kN/m 2 ) ^^>JI ,U;,MI J_p* 

. 1000 kg/m 3 d~,al-,^U ^La ^ JaJLia Jij^wl • 
. 13.6 4 jj < nitl d",'al",^— ,Jjjj (j^a daJLLa ^j-aX • 

ii*£. «(13.6)JjS>11 4n,„;tl at^aJI <(l000kg/m 3 )*U! &££» < (l01.325kN/m 2 )^^l .Ui.MI 

.(9.81m/sec 2 )4 T uiUJI 

^l^=lj ^ jji (j-AJpi lUj us J3-4X. i l5>^' it-»« .Mi ^l^=lj ^ jji *m 4- 1^^' 'Vi* i^ ja-*c 



101.325 x 100000 #/ 



m 



A/ 2 o x <? 1000^/ ,x9.81 m / 



m 



sec 



.'. /i„„ = 10.33 m 

ti -,0 



10.33m (jjjil *UI (j-a LLaJLis Jj-*c ^1 ^=lj l5j->^' ,U:,^tl ^jj 

Jljj (j) j^yja JlJ z LLifc (j ^aJ a i (_£j^>JI JaJi tJaJI *'*< *—• ) (_£ jiJI JjjjjJI JaJLLa v j o^* (_il 1 n~>- ^j^— > 1 ) (JlULi 

: Vjl (3^pl ialfl^ri e_sL^>. (j-a JlJ^? 4j| 

P Hg =Ph 2 o X ^.6 



p Ht =1000xl3.6^/ 3 



VA 






J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 






:^^_>JI i La » i a 1 1 * a '^~~ » ' (_$JJI Jjjjj-Jl . u » ■ >> N j o^* ^iLa> ^j^— » i ) i La * < ia 1 1 Ciim <U.}Lt« (j_a 



101.325 x 100000 #/ 



/7 



m 



(13.6x1000^/3X9.81"/ 2 ) 

/m /sec 



^//g = 0.76 m 



10.33m 



_u (_^jj>JI lLsJi ' ^ — t < * al ^— " JjjjjJI Jijjaf i La * i a (j-o 0.76m (jl-3 «.UI (j-a J-231 Jjjjj-Il L>"^3 

■L£»M .Ui.^tl ^al^U" J.LII £yj 



V* 






JjJ > • 1 

jJljJilj ubjl^all |«k uUuLwi 







.plj_a]| i LaJi La jl (_ Jl i ntl ilaJi LaJI a Jj I U 1 1 . La » i a 1 1 a (uul all i La » i ia ] I 4J3_aj_*ll i La » i a ) I CjL-uLLo (j-^J 

.(—SjjjLil (^jj>JI Jaji LaJI _al (g I La I, I j a LaJI Lai (_ y Ji>J 4J2_aj_*_/0 4_uL>-j_a (_r^- La-^' J ' * ' a (J-"L5j 
LJaJt LaJI ^_a ( oLJjl (J^a-ifoJI J-Lajl ) j fl LaJI 4 La^j j_<k j LLal I iLai LaJ I a (jj/LSlI i Lai LaJI ^j-U 3j-^' 
/. A j a LaJI 4_kaJL) ^jj ^-i'i Jj lull . La » Lai! a .(_£j_>JI ila-i LaJI i La -^ Ji_ic j a LaJI 4_LaiLi ^jj ^-i" 1 La ;] ^j-uLUll 

(SllaJ. I j fl LaJI 

Cl^vj i LaJ» LaJI ^j ul .t2 a _a_ ifc pM flJI Ja-i La jl i Jl mJI JaJi LaJ I .4j3j)j_*ll JaJi i a II ,j " ' " ^ a J^""~* '" 7C — ^5^ 

i _ 7 _ i _u LtiiJ I (^gj ->n Jai LaJu i_3j_*j La ijJl_ut> i Lai LaJu l _^'-*3 (jr^' CiLl (»■>!! ^ J ,' "' ^~~~ l 4r •o> > ^ ' * ' '" 

CjL1_i^>JI 4- L*jIj 4.q_l1!I aixjt, ^JlJcIcujj 1.013 bar /O01.3 kN/m 2 UjIj «CumS .U:.MI I jufc(standard) 

.e_j «i" i u a Sjta LaJ ) '«" a /— Lj*1I (_£^>JI lLsji LaJ I (jj Llujj 



ul l2J| (<&j>Ji tiaJLtlajl 



1 



■j ■•' SJJ I L^* LaJI 



I 



I 

I 



Jl^II ^^»JI ,U«tMI 



fcl^ill 



JaJi 



(mj/ULo) 



\ 



I fl 1 " V I ;"'^' I 



A. 






i^j > • 1 







«.LLa£. A. ^ ■■ a * j u-sj_iJI J^-jj (j s.~tl ^5ej>J| '£_ 1 Ua'ij 0.61m (j-g-t-i «.La (^yic ^jTcvj 3.66m 4x.Lajjl <jlj^>- 

.a\y±i\ s jut is ^ .ui,„ti jiiai .u; ,Mij »m 4^ ^ .ui,„u jiiai .u;,mi ..,,., ^i.^LtJi jIj^ji 

917kg/m 3 .U^; t l ^lii^j 1000kg/m 3 *UI 4_alfi^= Juk .^Ij^iJI Sj-tlS u Ac ^Lai ,U; uaJI j_».jt ^j 



. 101.3 kN/m 2 ^^>JI .Ui.Mlj 




( a _ r ) jiiai (v_ r ) j^i 



:uM 



Pl i La » i ia 1 1 j i La.fl III Sa-q-g , U » ■ >> iJLslj i_£jj>JI i La » i <a 1 1 pa-ojJe^a jjfc P2 Jail tlaJl (jl ( A_ V) J^— ■ mil (j-a •»■ i >»"< ) 

.?UI -ij-a-C JaJLLa I JljIj P2 JaJL^aJ I fo-a^a j-ifc jjIjJkJI a JlC.LS j^^ic 

P 2 = Po + PlS h 2 

p 2 =( 101.3x1000 N / 2 ) + (917 kg / 3 )-(9.81 m / 2 )-(3.05m) 



m 



m 



sec 



= 128737^/ 



m 



'.(jljjJI «Jl£.L£ Jir p ; JjlLaJtl .UiiMI (_)LajJ 



#/ 



Pl = P2 + A£*l 



p, = 728737 7V / 2 +(1000 KS / 3 )-(9.81 m / 2 )-(0.61m) 
/ m / m /sec 



= 134721. 1^/ 



m 



A^ 







:^^>JI i La_» tiaJI I L^flLJ -» La ■ aJI Ju£. (jJLLaJL I i La_» liaJI (_gjl i u ) ?c La ■ aJI Jii£. ^uLoXI JaJI i ia II <_il i n-st 

Pl(guage) Pi ~ Po(atm) 

= 134721.1-101.3x1000 



= 33421.1 N/ 

/ m 

3.34 kN/m IjJU j|j^>J| 2 ji£.LJ9 juc. LtaJLis ^Lla £-^j >I «*JI (jr lt-'u 



AY 






JjJ > • 1 

jjIjIIj ubjl^all |«k uUuLwi 







Pressure Measurement lai^l j*Lla 
the barometer j^jjLJI 




^LajjLJI (A _ r ) J^r;, 

(CgJI>«J LJljj>- 7c_iisjj ( * _ Y ) J 1 '-— i ilul 3 alLaJU 4_LaJ» La CjI Jlj>-_jj ;_£j_>JI lLjji LaJl ^jjjLlSJ jL^>- j-ii> 
,jj^~~ 'J i ■• (p) i_gj^>JI ila-i ' ia 1 1 ijl-3 Tc—iislj j_4> I -i^~~' t 4 >1 j ill rjj ii a ( _ 3 j>-L>.J <_)_aj-il (Jiol JiJSj ((JjLuj (_yJ-£- 
(JjI intl ycla ■ - igj" i u a > jj' : ~~ 'J ' " 'LlIc 3 J-cLaJI Ji_ic J>j^>-jJ,I (Jjl mil ?eJa ■ - l _ 7 _Lcj <_)j_j-)2l J^Ls. V t- — > \ , „a 
^_y>-L>.jJI (_)j_uVI ^j_a LlUJI 3 )l j 'II L_)J i n I jl Lai .<_)j_j_)VI r-jL>.j <_M*"' J (J -1 ' '■"'' 7" l^^ (jr^ 1 Wj' ' ""' a 

,jj^~~ ' ' i^a^Jl JaJLuaJI Lajl.} ^j^— da <_)_a-u2l (Ji»-I-} JaJLuua da-Lia (j^\ J^>-J-i 2( vi— po LaLa-i *'%^' Cy° pj-^'j 
(^-1>- (-Jj-iJ^I <_Li-l -i igj-L*]l 0L>JVI '2— (JjI mil J-oJ>J i_3o-i-u til! jjj (_!_aaj^l rjL>- JjI mil fc-La-m ( _ ;r i£. LtaJLu^a 
t_gjl iiiU ^$J~ i nil I JljJi Jl_Lc Jaji » >» ^jJLrtJ 4_l2L^= jjlj^>JI ■kIoum ^j~i i u a 3.3^ (J -1 ' " L> /0 ** "^ a liJLuk 9t • < aj 
oJLjb 4- ilai-LaJI (jLa JjL^oJI 4_sLi^= ^-A p J Jjl-i-aJI Jj-aC fL-QJjl ^H* h CUJL= I j|_a .(_£j^>JI Jai iall 

: jjfc LiLiL-o Lire. ii? J I I a ^— i J <UL>JI 

P = px gxh 

.^LajjLjLi i_ Sj^l La jJt, 4-Lil i nil AJLj-LaJLi LLaJt-LaJI (j-"Li^ .A_ujL>JI iLstC (^.ifc g ii~-p- 
l^JJI *UI -ij-aX. pLoJjl <-_)! '.ri^. (^=uoj 4-cLc 1.013 bar i£jLjjj l5J^*-" JaJuLaJI j! Luisp^l lij 

'./yll I Q^-» . l-l ♦ I >. t I I Jut> ^jl I II \ 



1.013x100000 



1000x9.81x/z 



1.013x100000 

n = = 10.326 m 

1000x9.81 



Af 







I JL^k (j-a (J^LlaTLUj 4-lIc .4_u_uLui!l (jlalj^.^ I Jl»- |>f^= jj^ 1 — _' 10.326 m 4£.La3jl *UI (j-o l-Sjaf (jl 

4-J .*L-ll (j-a j-J^=>l »j-a 13.6 J-2jf (3-API O^ <-^-taj *m (j-a "^^ ^Lh-^JJ^' 4- (3AP' J^JtlmJ f-LajjVI 

1.013x100000 = 13600x9.81x/i 



1.013x100000 

h = = 0.76 m = 760 mm 

13600x9.81 



.(760 mm Hg) jf J^jj-II <>a 760 mm i^jL^ ^ c^ 1 i£^?--" .Ui.^tl '-"^j U LJULa <ulcj 

The Manometers {uljU^JUl 

j_ T lc ^_ 7 J>-U>.j < !_a-J-il lJ-^ - Sjl_i£. \ILaajULI a .Cjl^La^a-iLU *\ Jljt" i nl jjfe JaJLuaJ I jjjjLlSJ Jjjj Jj ■ u| ^j-* 3 

2 (jl ^^^-t-i-Lij 4Jai La (Jj/LlS -Slj-U *-jL-t' (j-<a (J-231 jlj^~* ' J~ "J (J -1 ' " ' ( — ^J-*- 1 lP*-" Lr^ 1 l£J- l> '- 1 U J*— i cu 

r-jjjlll ^j_a (Jjl i ntl f-Lfljjl 4£jjua ^)*—-1 x J LuLa-t^a 4jl>j (J^iLlL) 2 (jl_J V>-2fl f-jLt' *-a^Laj->LU (JjLi-u r^lla-i 
illLak .^LajjlXI A La ■ ul aj i La » i ia ] I ^uLlo] L_uL_ol i La » i ia ] I Jj-a-t-i JaJLLJaJ I 4j9^Lc J^— » ■"■" .i_ij_u jl ( __ r lc J^rs-^JLI 
ajLa ^_ Cjl^ILaajLU (JsL-l 4_3j_ta ^j ^— > i >a Lg-a-Af (_ylc i_3j_*j]I (JjLjr 1 i u 4 I o t" i u U Cjl^LajjU,! £ys p'j-ll sJlC 

.CjLuLl^JI 
: Ja_LcttjJI ^pjaaJULl 

(J LalLa < !_a-J-il ^- ^^ i u » (J-iLuj ^j^. SjLlC _a-A_J i '-^^ m-ul j" aj ll U l i_3j_*j La ^ojfcj^ILa^a-iLa J^— > ■"■'! (j-UJ 

.JJ i U« .>.n (. i ! mi *_3Jl_Li (_£JlJI JjjjjJL^s ^ J 23 }Ljl-'-u^J-«J->l-t' (_^aJL>J . U i_3j^>- J^— » ■"■ (_JLc.^Laajl_4-i 

.( * _ T ) J^— » ■"■" ' TciisjJU jj*_L!I (_yic ' La » i ia J I jl JtAA 4_La <_ 1 1 n*«.j (j 11 -*- P'-^J' 

.C JlIc i La * • ia ! I ^gjl i nj B _LLc LLai uaJI 

.h (jjjjJI ^li* i La » i a I JljIj (_^jj>JI i La * • ia 1 1 ^jl i u < B Jtlc JaJi LJaJI ^j^— da 

.(-JajJ^il (Ji>-I J ^C,j i " j i^JJ' (_pl i ntl LLaJLLa jjk C Jtlc JaJi LJaJI a 



hi 






i^j > • 1 







Pc = Po +/ ? // g ^ 



(3-15) 



I 



*_iLa 



differential manometer <^uLuJI jw^JUl 

.(ji— «-a (_)j_ul (J^U>- ;_gj i n ) *_jl_a ^_ ^yG LaiLU ^"U* , ^ £y\_j Jj)j aJ| ^jj/LlSJ aJlJt" i n t^LajjUj I Jl-i4> 

.(h) (Jjl i ntl pLflJjl A-J^JiJ ^Vi't^^'tl ^^j i U» .^tl Jjj^ (. i i ii^J. t _ ;r IuLlJl^p-ajJlJ,l TctijJ (J^auifoJI 

.C J-Lc 'Ui ,MI ^jl i ,i j D Jtl£. Jai »>»tl 

.Z < sj-U^fl (J-)L_u _}^-*£. i La i i ^> JljIj ll ^Laj-iLU (_pL-u S J -I'* Ja-Ltis Ijolj po JaAiiaJl ^jl i a t D JlIc JaJI uaJI 

.(h + Z) <_s^jj^l JjL-u Jj-«-C ila-Lia ! JijIj p^.Ui.^tl (_£jL^j CJlJ£. tiaJLuaJ! 

p l +(h + z)p A g = p 2 + p B gh + p A gz 
Pi~ Pi= P B h 8 + PaSZ - PaSZ - P A gh 



A» 







i^j > • 1 




^lui^l^ui o ♦ - v ) j^-,,t, 






Pi~ P 2 =(Pb- P A )gh (3-16) 

*jUI ^al".^U jJLl^J LiUjj A *-jLU Jj-*£. ilaAjLa JU-ifcj £^a*j3 jLc. <_s^jj^l 4- ijj-^ lj^ £jLU (j'^= 'M 

t^JloJl^a (3-12) aJ^UII 4jL1^= Q^tqj ly^Wj .BjiajiUI J-SLu A^jLla A 

Pi- Pi =P B x S xh (3-17) 

inclined manometer {JjUIjujJUI 

JjUI f-Lojj^l i^Jt x d^p. x sin9 _> 4_i£. ^jjlj h ^i^UI JjL-u fj-^ijl oi^ 3JL>JI <> j-a 4-j • I JL * - ihH^ 3 

p 1 -p 2 -pgxsin0 (3-18) 




JSUI^jjUK u _r ) J^~i 



Al 







Fluids in Motion 

Types of Fluid Flow pWuUu^tip] 

cj|jL«JL^= jLijJVIj (jLjj_i_uU SLLSJI -ilj-U icjJiJiia (jy jk *_jIjJ,Ij j-jIj-II <L^=j_». 4JL1 ujL in't^l i-3jj«j 

(jl_^= I jl .4_a.jjJLJIj i f U ^-i"-*-VI 1 jj ■ . .. <LajLiLa Jl j^^jjlIi 4JLb ajjjj/La <J^L>- *-jLa < in 1 uJI JlIc -(_P'J) ' ""j 

ajj) 1 nLLI (Jj-La (jr^- *d3 3"^° ' 3 ti~w. £- (_£^_i-uJ i_3jjj/ *->LLI (jLS j_^iaAse * a Sjjjj/LLI (J^L>- x_iLLI <LCj_<-u 1 La ■ uaj a 

(^JLc 4jj mill I j»alj^^i , tj A", ~w1j A_«iislla ^jj '-*; i-i!j_»jj *_jL1I (particles) dil nj ha jLa aJL>JI oJLjfc <L_j 

jl /— SjUSj <_il j i uJI jl LjjLk <_il j i uJI 4Jl_i x-jLLI uj! j i uJI (_ Sjjlj <UL>J| tfjuk £_ I j"^— -j a. *l_ul x-LaLiiLI i—flijita 

(j|_a 4_LLt.a 4_»jS J! St- ,„j".tl icj_^oJ| « jLjj SJU. ^_j £ ( 1 _ \ Y _ V ) J^3_<i (laminar flow) w SJa 

X-jLlI < ll J I n S\ ^O I lit <LJL>JI £j_d> ^_ .4_L/olj.i Cjljl_U I l*il M I llj 4 t) lV"i '< a ^ ,r a j j i -^ I Lilj-a-Tl I II *_)Li.l Cjl Q J I i|A. 

.( <_> _ ^ Y _ V ) j%3ufti £ (turbulent flow) < . >j La ■ a 1 , 1 ujLu^j^I jl ^yxljjJ! <_sL^uJ^L> 




Fluids in Motion glljil as^ 

(_£| Jl-Lc 4^1 j mtlj iLai LaaJl 4_JL». (jl_a 4_jjljla Joa taa. J_ i-dj_r&jj (Jjl mtl ilil <n ha (j) ^paljlaLi 

< in mt^l -icj i_o ,j^_f=3j LaJi_Ig,j 4_jjljHllji inljJ.1 <^_ _L^>~4j i"iV1 --.tl oJ—it a 'Ail U" a ja^aj * ■■ * LaJLa 

_ V) J^— i!oJI j-LaJl £ steady uniform flowj-SlL^j p LaH * a <_j|j ( »M ^ g i »j ujL^uJVI <j-a p>^l I j^* .2_uaAstla 
(_3j^u «iU! cjLuud. ^-j-^ jLa (convergent) S_a^? jl SjjUla 3jj^U 4- JjL^oJI ^_jL^JI Ijj Lai .( I _ \ i 

,jj «Ja2x (_$! Jtl£. 4X.j ,„t| j lLsJ i^-tl iJLa. jjLa 'LjiilJ ((-J - ^ i - V ) J^— ifqJI jia-Jl) ^jLi^ mtl i>L>JI IL. Jj)3 
aJL>JI o IxJt, '£- (-jLuulJVI tjLa <>L«i,l « La 2 S , I Jtl£. AjjLj jj^-— " ■- ■ic-j mtlj JaJLLiaJ I jl ULLaj ^j^aJj .(JjLLajj 

.(steady non-uniform flow) j-al.-u.aj pJallaj-ti: <_iljinM u <% , nj 



AV 






JjJ > • 1 







Rate of Flow :jU>*Jl Jjm 




g = Axv (3-19) 



m" 



sec 



(_yji> ( _ 7 -q-J&r«JI (JU^ I ntl (JjUL>3 CjI Jl>-JJ 






P ; 



Zt&JI = ^^Jl x iatXl 

m = V x p 
m =pxQ (3-20) 



AA 






J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 






( u _r) juu 

Jjlj^j ^^-^j&jJI (jLjj_t^JI Jjljl« ' .' '"^ ' .0.6 m/sec Lbjji Icj-^j 15mm 1 &j LaJa Sjjj-uLj 4- *UI ^-iL^-y 

t (-q-3EA.il (jUj_<_a]l (JjUL>3 4_!.}L*_« .a I JlJt" I llL) 



2 = f (0.015 f x0.6 = 106.02 x 10~ 6 m / sec 
m = pxQ 



m = 1000 x( 106.02 x 10~ 6 ) = 0.106% 



sec 



A* 






i^j > • 1 






Continuity Equation (^l>uwVI )jij*i«Yl aJjLm 

4_uQj| ^_ (Mj-« 4 ' » ^-» 1 1 jLLa 2u) 3jLI,I («-%■>■ i^l (^^g-roJI jL-^ i nil (JjuLA jjk «_3tj»JI jj^~~ ' ' LoJlIcj 

m = p x x A, xv! = /? 2 x A 2 xv 2 (3-21) 



j_aJUa jl continuity equation (Jl ,^"VI t ; ^jlj i" '"VDjIj i" 1 --VI 4_taLt<y <-3j-*j La ^^ ( Y^ _ V) itaUXI 

. law of conservation of mass 2l-^-.tl ,Ua^ 

: jl (_£} AjjIj ifllj^aJI (jj^-i" 



Pl= Pl= P 



Aj xv, = A 2 x v 2 



(3-22) 



tjU^LUL-j 



••■ (3i = Q 2 



:( U_T ) Jlla 
Ji-J-U JlJ£. oj_Ljs l£j-jI.s j-L>-2-a CjI J converging pipe 4_«^ 4_>>^ 4- l£j-"^ JaLLiiaJMJ J-jLs j-j-c. «J>La 
j if 4-e.j i.itl <_<_<_a^1 t 0.3 m3 ^^^jejJI (jLj mil Jj_t« jl ^a lilt 0.15m rj-*Jtl J If oj laJaj 0.46m 

.rj^>JI JlI^. <Lcj mtlj (Ji^jJ,! 




( \»_Y )JIMI( ^o_Y) J^~i 
_ h. _ 







2 = A, x v, 



Vl "A 






A, =-J. 2 = -(o.46 2 )=166.19*10~ 3 m 2 

1 4 ' 4 V ; 

■„ - 91 -1.8™/ 



1.66019 *10~ 3 /sec 

.4JLj_LaJI ^j ,.A'» r-j)j^>J| « La 2 a Jtlc <Lc.j_<_a]l (_il i n~>- (j-== q ' 

v 2 = -^- = / - 3 , = 16.98 s 17 V 

2 A 2 f(0.15 2 ) / sec 



(j- 1 » La 2 U Jtlc O-IU j-a^e^kJI (jLj-coJI (JjULA (jiij ^j^=Jj .(j-Ckl^ i nil (j^-> J-<-^=-J ' (Jo^' A ^^N a ^j^-— 1 ' 

■jlj o" i ii zl iJ^Lta a.\ Jiir" i nU JjjL_uJI (Jliiil <_}a- > j'~ l ' 
Aj X V, = A 2 X v 2 



A x v, fxfif. xv, 

.*. V, _ 



A 2 4 X <2 2 



fx0.46 2 xl.8 m 
.-.v 2 =^ ^ — = 16.93 

fx0.15 2 sec 



:( )X.X ) Jlla 
(_jjjJL J i .aj a 5cm ^yJLi-ljJI ojiaS «Ja 2 { I i^jjIj vL^Jt 4-998kg/m 3 duJs\h£=3 i^JJIj JjLJI *UI iXh>>j 

JiJ£. dUI jLpi JjJ«-a (jL== 1^ 3.75cm L*^l<s J^= jUki (jrU^ta Jl fj-ajJ Ojj JlJ (_£ jJI 7.5cm Ojiai 

;<.,,.. -J 0.015m 3 /sec JjVl t^Vl Ji... 
_ <n _ 






i^j > • 1 






.^liil c-jjjjVI (^j^ I|_j JjVi v^Vi 4. ^n^-iti c,l>j-uJ\ j 

.^Jlill ^j^Jkl (j^J-2 '4rS Jj^l lij^il 4- *^>*^l <-" 

3 
2 







( n _v) jiinu n_r )j^=ui 



:J*1I 



mi = px A x xv, 
mi = pxQ x 



, mi =(998V 3 X0.015»V ' ) 

/ m / sec 



= 14.970 



%/ 



sec 



jlj o" i n zl <U.}Lt/a ^j-« (j-^=-Jj 



mi =2xffl 3 



.m3=-xmi 
2 



= -x 14.97 

2 



*Y 



7.485 



**, 



sec 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 






A 1= fxd 2 =fx(0.05) 2 = 0.001963 m 2 

Q l = A x v, 



0.015 



m" 



sec 



= 7.6 



/71/ 



0.001963 m z /sec 

^lilll ,_£j^>J,l (jrC.J-2 Jl>-| IL. £g.j mil l_ll in-stj 

A 3 = fxd 3 2 =f x(0.0375) 2 =0.001 104 m 2 



<2 3 



0.0075 m 



sec 



A 3 0.001 104 m' 



6.76 



m/ 



sec 



<*r 






JjJ > • 1 







Energy of a liquid in motion d>*UI JjUJI "&Ua 

Ll* JJslla 4 ci^a ^IjlJt" ml (jl . iLSUa jJi3 4_jL 4_«aJ J^Li*- LJ9l_<i >L*£. J-*aj ^JJI (jL_aJ!MJ JUL 

"the capacity to do J* & jL>JV ejJ^il LgJtj iJsLkJl i_3j^»3 LoJlj£. ^Ljj-uiJl LbLita «^a LaLy j; 1 Laij 

.work" 

iJsllaJlj 4_uI_ui-^=l!I 4-JsLkJlj A_jjIj^>JI SJaLLaJI tiJLufc JL\U J-lli-u (^1*3 iSLLal! JU=uil e Jl£. tiJLufc 
Sj^bJlXI iJsLLJI JL^aJui <J^= .JaJuiaJI iiLLj 3 ^-*j >JI AJsLLj £^J-J' iJsLLj 4JJJ-JI 4Jsl_La]lj 4_uL)j^^=lJI 

. (Jjl i"i J-4-xJ aJlJt" i n~ <_3j_i_u L4JL3 (_ 1 1 iiLlU j tie 1 n"tl CjjJcu La I jl LgJI <^_ lL1j~ i"i~ 

Jai-uaJI SlUa (^ 

potential energy : juijJi^aLb 

datum line <jryw jliuij Jaa. ^ z Lj^UjjV i^oj m JjL-J! ^ 3J^= i-j^i-.^" ^\ iiLkj| ^ 



: A-^JLjJI 4j^mi_l «_iisjJI AJslla ( j^l j-l,lCl!I J^— ij . 



potential energy -mxgxz kg 



in 



■xm 



(3.23) 



v sec 
J^t j->^>!l ^Lta L*l < "J" IjLuaTtiU jf "Joule" "j^l" ^ £-^>ll aH-U cjI j^j jjP 3 <-IL=-Jl oju* iL.j 

: 4JL1II iljUJlLi ^ k ♦" L4JL9 JjL-JI ^ Jls-Ij ^Ij^^aJL^a 




JjLJI ^ m ;|-^-,t gji^JI ^LU ( W _ T ) J^-t.t. 



potential energy per unit mass = gxz 






(3.24) 



^i 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







Pressure Energy ia**»jr^Lb 

^j_a (Jjl intl I JljJi lLLj^cjJ (Jt i"i <_l!l_ak (jl_3 (j"*-*-* 3 LLaJt-La C.Q.JJ 4-u.t-i (_)^jj| ^_ LjjLm (Jjl i aJI (jj^~* ' LoJlI£. 

e=Axv 



ww£ = force x cfo tan ce 
work = px Axv 
work = p x Ax — 



work - pxQ 



wor& done per unit mass 



_pxQ__P_( j 



pxQ 



P 



'kg 



J/ t( alj^.jJL^3/Jjj>JI ^jt, jo>ljJI (*lj^-jlj^-»lt JjlAJI oIjo-j (jl i^gl 






o>> 



UJL 



j_>o Jl>. 



pressure energy 






P 



(3.25) 



*» 







kinetic energy: ^SjjbJ I £all> 

4^LLa l£LL"Uj JjLtjJI (j-a a 1"^— tl ^j^ jjLa LfcjjJa 4_aiilia A^ij mj m LfcjjJs JjLcJI ^ <Ul^= ^jj-<-" taj 

kinetic energy =|xbxv ! (3.26) 



kinetic energy per unit mass =|xv 



- 1 V1 , 2 



O^ 



(3.27) 



4^=j^>JI 4ILL+ .Ui ,^tl 4^LL+ *_Li_oJI 4J9LL = Jl»-I^JI Jj-.-jL^-.H AJsHaJI C-j.sjta 

total energy per kg = gxz~\ hyxv 2 (3.28) 

J^ ifuJ I $JLg j-u »"tl .j^-l,' (^=j^>Jlj .Ui.Mlj jjisjJI) LfcLj^C. ^pJI (±J>ti!l CjLillaJI JL^auil (j! 

:*_j l_3jju (height or head) _aJL*JI jl o-a-c^JL i_3jju La j_a> 

(potential head) j-^jJI _«JLc jl o^ ■ 

(pressure head) iVi«<^itl jJLc jl c^axj ■ 

(velocity head) icj_^JI jJlc j? da-m ■ 

I JljIj 1 La * < ia 1 1 jJLc I JljIj x-iisjJI jJLc f-jjuaja jjfc Jl»-IjJI a I j^»- jJLl^=lL! (jy i^=iJI jl«JI Jl da "it I (jL9 ^LlILlj 

:<jl (^1 .icj-cJI jLi 

v 
fofa/ /zeaJ per % = z H 1 (3.29) 

, . . , N m 3 sec 2 m 2 sec 2 

foto/ weaa per kg = m H x x h x 

m kg m sec m 

tofa/ /?ea<i per kg = m + m + m = m 



*n 






JjJ > • 1 

jjIjIIj ubjl^all |«k uUuLwi 







Bernoulli Equation ^jjjj a)jLw 

*_iisjj| 4J2IJ3J 4_^=^_>JI 4_£LLaj JaJi LtaJI 4_JsLLa pj_*^a (jl : (jy -jVI ( jr i£. ^j-" * "' (_^l J-J>J ^J-^ o! 

LiUj Jj-la (jr^ 1 g bZ-a i$\ Jl -^ 1 Ljjlj J toJ tlA-*- jl m«> 4r l£j '"J L^° £-jL-« <j-« (QJ '"> ^V (Lti^aJI HqIUU) 

:(jLa jj>-T ( _ ;r it<u j I jL^J.1 tillj J_^>- ^y Cy 6 ^^= <_>LuiH^=! jl j£s i_L!Lla> (_y=^ r»J I Jj <jL-oil 



p 2 p 2 

.<LjjLj (J-la3 A_lL^=JI 4_£LLaJI ^j-^ajj « UStl i_a}tai».|_) I a ^"'-J (jl (j ^3 1 ' CjLJsLLaJI oJL_a> tlrH 1 pj . ..S".tl ^J 

.*j|jJJ jUj-u/ ^_ '"" *j JalJl ^jj3 jjj^= (Jj*. ^_ ^^^ J-lJ-J e JlCL^ aJlJt" i ii" 




. C j B j A Jo I alll (j-u I j 2 j j Laj ^j^— 1 1 ' 4 _ ;r iljjj_i <Uj_laj . h (JjI i ntl j»^'" (j£. ■* aeHaJI Juuj V La>jJiJ9 
C Jl^I IM=1\ SlUaJI = B Juc ijl^-itl aUaJ! = A Juc 4jl^-,tl OlLLaJI 



jl 



^A 



-gzj 



■gZ( 



(3.31) 



2<-> A /-i O B ,-» 

P 2 P 2 

kcj mil <(_£j^>JI Ja_» L^aJI JLfl-ifcJ *-/S 4_uJL>JI A^elaJI j„^=j_a J}L>- jLiuiVI jl jL^=3j^?l Jaa. jLll>-I pj lj! 
^Vi", U^ /tl (2^31—4 JlJ£. i-dj-ItL) Vj d<_lLj JljLlI ^jV I i>»ii j Ila (_gjl i n" B Jtlc 4^1^ i ntlj V^jLa ^jl i n" A JtJ£. 

+ + gz^ =^ + + =0 + ^ + 

yO 2 



*v 







iJsIJa I jl^— • SalUtlR SUS;tl J^j *_iisj ijalla 1^1^— ilLWI A SU3?t| Ju£.j 4Ji g-'iMnij j^>-T (jr i»-<W 

t^yJllJL^a ^yil ^jj_i 4_!j>L»J, LoLlII fljj^aJI (jLa «Ukl l^-j-«- aILLs L^l^a SJaLLaJI C iLaJiill Ju£.j ilaJLiia 

Pa v a Pb v b 

p 2 p 2 



2 2 

-^- + — + gz A = — — + — — + gz B + energy loss between A and B (3.32) 

p 2 p 2 



:( U_T ) Jlla 
1.52m/sec LfcjjJs Zcj-ui .U.-j"^^ i_£j^=j_a i <u^=j 11 — t jL>J' *UI t:^^ oL= tJ - u 4- ^j^' *^' J^"^ 

i_j^jjf ijja (_^Icl ^a»l f.ntl *UI (-J^jjf jt^— I j! . 9.14m/seC LfcjjJ3 4-Cj-i-u . U mjl^j 4_La gja-1 '"^ *^U rj^oj 

*UI iili^a Jl^ . 2.339kPa jjLJI *UI ,U;,;> o^= lit o^L^I *UI .Ui.^ j^-j! 15.2m ^Li3jL> j,jLJ! *UI 

.983 kg/ m 3 ^LJI ,UI iili^a j 998 kg/m 3 jjLJI 

Pi v i Pi v i 

— + 4- + «z, = — + v + «z 2 

A 2 A 2 

2.339x1000 1.52 2 nQ1 . p 2 9.74 2 np7 ,__ 

+ + 9.81x0 = -^- + + 9.81 x 15.2 

998 2 983 2 

2.344 + 1.155 + = — + 41. 77 + 149.112 
983 



HA 







iai '^ I J_jlj ^^^^"t" mVI ilai LaJI fa_«j5ta j_a> 4_jL i_dj_^t2* *_jL« ^^ (jr JL^=JI 'Ui ,Utl i_3j_*j 

■ 4-g.J intl 

/ t/ = h, + /?„ (3.33) 

JaJ< LaJI i_3j_*jj -4-C-J <-uJ1 JaJi (is j) & h v j /-^auJU ■ ■■>! , U* J2JI a ^ h s j 1^-— ■ II . l-> * LaJl a fl> lit i«i-_L>. 

4J9LL3J 4 ^— -j -- 1 1 *l_ul *-jI_U '^» lis j— a> 4-g.j mil iJaJLj a j jj^— '"II J^_Lc *-jl_ll Jai us a fr /y^a-plH mVI 
^^-'j"!"' '-^1 JaJuiaJI AJsLLa «_a 4^lj mJl 1 La » 1 a 4J3l_La pj^i^ta (JJ _a> *-jL«JL! 4_lL^=JI Jaj lq.1I 
l_£jl_^dj ujju>J Q^J mtl (JJljla i_il in^-j xjLII <Lc.j_<-u (JjjLlS ^_ tjcj 1 'it I 1 taJ> La 5j^=l2 O-aJiii-" 1 ul 

:a_l!L1II 4jjL«J,l (j-a *jUI 4-Cj-i-u 1— il in-v ^j^— -i '^ 4X.j mtl 1 La » 1 ~ (J-uLlS I ~»U". ...I I j| .«.l_a<JI 



v =V2g^7 (3.34) 

(m/sec) *-jUI icj-^ ^yfc v 

(m) icj_i_JI 1 La » 1 >> jjb A v 

da a. £_ ) _ / ^— -j"l" 1 uz\ lia-i LaJ I j (jr JL^=JI JaJLJaJI (JjjLlS aj I jl .«.U,Li J^^>-i3 4_Ll^=Lo ]|_ i a "i 1 ^ " Jt^>-i3 «jj 
.i_s_ajj^l 4- *UI iCj-Ui JL>-jl .(jJljlII Cy l£. 21.6m J 22m L*$j| Jl3-JJ , ^-.^U^lt S U;| i_s_a_ij| 

.lcj_uA\ . La ♦ 1 a I JljIj ^y^a-pllmVI .Ui.^tl (_£jL_uJ ^yl^aJI ukjuiaJI 



•'• ^v = ^ " fc. 



/j„ =22-21.6 = 0.4m 



:.v =^2g\, =V2x 9.81x0.4 =2.8^ 



^ 







: ( n.r ) Jli. 

4-g.^ inll JaJI La \j <a-£ (j| Jlj>-j /- 2 ■ 'j j" aj " a (jl o*" i "Lij 4 'JJ7"" 4^.^ i u < ^j-xja £—. i£j. i u < »lj <h 

^ L*i 13600kg/m 3 ^jL^j Jjjjpl ialS^aj 1.2kg/m 3 i^jL-uj *I_^JI ialil^= c^JL^= lil -J^jj 20mm i^jL*-"^ 

P v = PSh Hg 



13600x9.81x0.02 =2668.32^/2 

/ m 



d^3 



P, 


_v 2 


Pair 


2 


2 


:2 x^ 



A,. 



,. =.,2x3«*« = 66.7 V 

1.2 /sec 



(JJLtLa (_ 7 JLt2 (J-L« )""< jl 4_j_u^>iJ 4_i_ulj.i ;_£ 2 1 J i iiL-ut j-lThj (JUj_<^JI (JjULA ^LlILlJ <Ulj_<_a]l (JjjLlS (jl 
dll ■»■* LaJI A_ L^LfoSLLa CcOJ (jjJI jJjLJU ( _ T ic 4_lLlo 4-g.^ 1 a]| (jjjLui] 2_^£>. 2 I ,jjO J_lC dJLui .*_)I^JU (jLj^ 1 u < 
oJ_4> <v-Al (j a 2 j j-*- »' <?Ji_& J-Tlxs (j-tj i"i" J^jLua p j*" ^l^jJI eJi_i-i^=iLjj Jj^-uJI /JLaJ rO-^J.1 (j-« ■ 4-niy U. I 4JL12JI 

.<Lkjji]| ^jjj\ jtTia^ iSjJ •"■•'"" (j-uLriaj Cjjjjj <_j^jjI aj^>- VI 






JjJ > • 1 







Pitot Tube u^ju>4Ji 

Lufc 3jLi 2I jJljsoj.x-jUU tju^ 1 nt (j .■^—>\ »t I oLjo^I j-so sQjL^J <L:tl3 ,jj^~~'" t-L-QiJ (Jjl 1 till ^jjxla ^_ Cjjjjj 

< t-> ^3 *_jLLI x~a ^j-uLiTJI 4Ja2-l _LcC <ULj-i_uJl jiuuJflJ Cjjjjj i_i^_ul (j) ^J] 



tijjlil! il^mi J 1 a --*' (T)j ) ^"U^-tl c ^_i j^^jj 4_!.}L*_« jjjjt^" 



£Zi 



P2 , V 2 



<?Z 2 



pi p 2 




I JljIj ^^j"' 1 " --VI JaJL?l £a-*jfca jl Cr i^=JI .U; .Ml ^jL-uJ j_ik p2 ^^j"' 1 " mVI Jai uaJI j_4> Pi vi-Jft. 

1 s_J-J->l p J ' -^" I '^*"l /j ^— a) I -i ^— S^ i~il_ i-a Jail 1 a ] I Jj>-^ ''''" v ^ v "' a J ^ ' Cj^JLuJI ( )^_ul (J-u^sjj ^j*-— 1 1 la 

1 s^jjVI /— IaJtJ Lia-Lu /-l^aJI 1 LaJi uaJI I ^ j La (_ y i>-ljJI < s^j-i^fl (j "J* 1 ( j^JJ^sj^-ua (J-u^jjI J^— i ■"■ A- OjILllII 



Li . nil 

-* = 




jjlj^jjj) oLajl 



^Kll lit. 'nil 



^ . > 






JjJ > • 1 







Venturi-Meter jtgj^&ttl 

( _ r l]j_)j_l <U.}L*_a aJlJt" i n < .( \ A _ V ) J^— ■ mJI j-la-ll . (2^jj' ' ""' a tlr^JJ-^eJ. I /, ♦ La 2 a 4ja»l i n a j^LojjLo jl gjj 




xjlil (_llj i n<Z irt-iTu LiUjj I Jl>- ( J T u^is i •U^-i"-». V I 4_^_pj i La * < a ) I A. jJLUI (jl j"i 'jj ifu-IAJI Cjlj_L<i-4 Jj-3 
1 , ^j , ^- a. a| Jl^i-" i ii z I x_iLii cOj uu-flJ I .(juj-i-uil (JJljla ^jj/LlSJ LuULa J J - *" l^JJ uuil\ j u «jj .4_l>iJj Jj Sjj i ^ ) 



A 2 



£*i 



Zl + ^2 

Pi 2 



gz 2 



•lA?" ' " ^ ' U "* ' LrL- La-4>J_a^-jJ ciUjij j h\r< t_gjl i u t (j-dLailll ^J 1 - 1 ^-^J-^' 4-SUa ^-j-iATlII 



P\ 



^2 

>2 



A 2 



(/) 



"I ~ Vj 2 />! " /> 2 



P 



■^'U^ll ^_j j|j a" i ii zl <U.}Lts £yi 



V, = XV, 

A, " 



: LlJLlII 4Jj>L«J,Li (jr !a-*j ( Y) « U 2 1 1 jjc icj_,^J| j| rLulml j^-ij f/j (^JLI^Jj-i iJjLua '£- L> iaj^il!Li 



^ .t 






i^j > • 1 








.Jljlll ^^ ( Y ) J ( ^ ) ilaJiill J if «Ja a t, I 4^L_ujj ^yfc A2 J Ai k£~p» 

:( u_r ) jiia 

J}L>. *UI o^h-" J J^*-« ^-^i 2.5 cm (Y) SUa:t| jucj 7.5 cm 0) iLiiill jjg jUstlj ^Ul ^ 42.1 cm 

.^l^jji 4->^ Sjj^m 



2xA/7 

'^4 



2gxA/? 



2x9.81x0.421 



V 



0.025 
0.075 2 



2^ 



v, = 



8.08 



V8J8 =2.86"/ 
0.988 /sec 



'■^ju^ i ii ll fjjjua ( il i n~>- ^j^— i i ' j\j (j~ i ii zl 4J.iL*_« .a I Jua-" i nLl 



Q =A 2 xv 2 =fx(0.025) 2 x2.86 =0.0014 



0.0014 w " 



m 



sec o.ooi m3 Z 

/lit 



sec _ 1 4 lit/ _ 84 /iY/ 

/sec /min 



> .r 






JjJ > • 1 







Orifice Meter iju^ijVl/iAAjiJljaLA* 



^j-3~ I aj-4^*- 1 f |>^>- 1 (0-i JlJiS 4_L,lg, < i a 1^— i a ■=* *^— i la (_yJLLa jl^>- j-a> ijTjj '"' * * ' ' O dUL i A ' a (J 



d U , ,,lj i ojA i/>11^f i La » ' a II 3 J— ^ >J"^ ^ ' j JJ^ (j *"' ■ 4_l1LxJI CjI_uLl2JI i_i^>.a^J *L_a>jjiJI J A j La a 

• tjLj^ i nil (JjLtaj icj-i^JI ^jj/Ll2J j^^jjj-i <U.}L*jj |^j^>-l »j-a j' LaJj j""j " U 

2(/»i -P 2 ) 





:( l\_r)JBL. 

Sjj^UI jJ^ ^l^= Ijj .0.3 m/sec ic.j_i^j (Y>- Y) J^sufuJI £ -» '^j 11 j"i --'ojjVI jl ^ '2. " lll L 5j , "_' 
(jljLSa JjsLtx Jl>- .(j^jjj^l jj£. tlai uaJI '£-. jljuLaJI j|jl2-o Jl>-jI < 0.06 rrij"<i i.r^jjVI i_ l2j j LaJaj 0.3 m 

.C v = 0.82 i^j-^l 



V 2 = C v 



2xAp 



px 



Ay 



tjlj o"l I n zl <U.}L*_a {_yi V 2 *£-J mil I- I I il XI 



v ; -A 7 



> . £ 







J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 






v 2 =7.5 m/ sec (-.cmLUI L> ^aj^*2!L) 



' La ♦ i a ! I £_ 3j-^' (jr^ 1 J ' a "*""' * ^ O""^.-)-? * ' ^-^L*- 'Ar 0^*3*-^^ ^j^— i ' 



Ap = 



v 2 2 xpx(l-^) 
2xCl 



= 73048.9 Pa 



) .« 







^L*i Ij jM^Jl J}£ J%JI jb>w 
Fluid Flow in Piping and Ducts 

o'j fl> '£— *l llj *lj_-JI 7e iJaJ dsL-e ijai, I j Tjlj II <_JJ 4 T^JlIIIj J^_j^j1IIj i a J.;^— ill 4 a-IaJI 7?l "--" 

j-< ij/IjJJ (J^l >- JaJ< iJaJI (jl J 23j LjiajJi lis (_)l 1 »->t -^1 " jo aj_^>-VI oJ & J ijtjsoj jL_l1>. zj.4 -i La )VI 

4_flJlitI,l *'«! l^XI '2— CjI JuJ.1 J" J?'^ 'Ar ^3^ U^J>" J^ 3 ^ ^^-*-^ ^L J^l uitlj <JjL-ui,l jufc. (_£j L>J, I J 
jj Lajfl i _j_a 4_iic j.j aJLI . t-~ ♦ . >■ II 1. , 1 1 n I osjjil <^_ s_jLi,l *J3_Lu . *_)Li.l (juj-u (j-uljJS a I JlJt" 1 11L I flla. ^j^— 1 1 ' 
jj Lta^a jj_C LJJljlLiI I 1 l^-» ^_j^i2Luj o LJl>-jJ r-j^eJ.1 (Jj (J^JlII £yi <_i_oj-i2| jl jCLal (_ylc 1 la » 1 a ) I 1 i i n^l jj .La 

IL. .Uj j j^— 4_Lc j-i-tj La LlILc. ^JJIj LiLLJI 14- jJlaJI I JLjkj «GJsUa (j- I ,; ^*.' ' 2 aj 4JLa ^LJLj .U;,MI 

4^>ol_Lll 3 ajlJLall 4-3t-uJ i<lft^— j <_j^jj^l (jIjJl^- LjjJljj <_jJ-5I 4-ajLH.I J I ■ <tl^—".^VI ^Jj 4 1 j r .1 J^oju Jai iJaJI 

— /- fl-il ^j ) (JjI tjJI CjI 2 da tjuj i-u (j a 4 >i_il_Lj| 4_^>.jjJJI aj— 2 ^j aj TcJa <-u2\ /- Lc j_^a 2JI jl £>.] ^j a 

.(jLjj—ijjJI pa_) Jl_jJlj>o L^j pi Vi"i 1 11I 4—ij^so JJlJjJjj (jt CJl_j aJLc ^j-j^-I jLiS (jLjj_uJI po_) 4_3jjLij.( ( _ ;r j3ljJ 
.jjjjjjj J-2>J (oJLaJI ciUj («^J-J *— ^J-^- C^J <— il 1 n~>- (j^a JlJZ tjL^ 1 nil pa.) <LSj_*J,j jLa LyJ"J "9 

I Juli (_yic JJ|^ ^jJiJI (j^s (j-LCjj J_a^-J . U> -s. \l < V (j^auJ a aJJijita <Lc.j_i.uj t_)_ajj| ^_ )«jLa (_g^ 1 u t Lajilc 
a_a^j i 4-£-j 1 m! I )«_ij_aj ^ *al",^_ tl «_a i. , , ul_u3 (_yilij ^^l JJI j j 1 a 2 1 1 ajJ9 /- a 1 n"t (j>\-±j < »tl 4_ijlj o"i ul aj^ < *jLII 
4_>-jjJLIIj 4^1^ 1 nt I x_a LlJjJa aj_2JI tfjLjfc (. 1 1 uLJuja 4_>-jJLII aj^JLl i_3j_«J La /y-Aj ^j--* 2JI jLjJ*-l ajLSj i^J^>-I 
.JJlJjJjj (^Sj-J 1— 2j-C La (J5 _a> 4j>.jjJJI (_^j^ (_JI (jyjl JJI j j 1 a 2 1 1 (^J^ tl^V *JjuuJlj .i_s_ajJ2l jJaS )«_a L ■ ..^—^j 

: i_JLlII il^mL (j La »j jjjjjjj *lj (jla 4_lL,j 



Re = pxvx^ (33g) 






^ ,\ 







.r-jJJI (juj_caJLi j—ajL^jJI (juj-coJI t _- T f «< t La Ij 1 <^-» till JJj (_yJijLJ9jJI tju^ i »1I j^yj 
t_gjl i uj a I ^j_a j_t_Lo I JJlJjJjj («-^J 4 -*^ a >jj ^-." LaJ-ULa .*jLLI <_il ji u <l pjj JjJjJjj (<^J 4-<i-l2 -}Ju><J 
(jLa 10000 (_gjl in" j] jj—a jj_^=I jjjjjjj («-J9j 4_aoS jj ^— j LaJ^_Lcj .LuijLJSj i—lL mJVI jj ^— J 2100 
10000 ^j_a jJlusIj 2100 (j-a j_t^=l jjjjjjj (<^9j (j»^3 ' LaJtl£.j .j—alj.} a) LjjJa-tia^a LiLj i nil ^ g i n t un i ni 2 1 

i 'j La i a 1 1 j 4 _ y ^jb2jJI (j 11 - 1 l5' LJLajjl L)Lu_ujl /- <i i u < uni u \z\ (jb2 

:( Y* _Y ) Jllo 
p = 1050 kg/m 3 *_jLLI 4_alil^= cuJL== li! 2cm I «jU Jl-jJu». «jj_^La 4- £-jL« o^j-" J-J^^*-* '-' "'"^ 

.10000 jjJ>yj ^2j Jl^ . n = 995* 10" 6 Pa.sec ^jL^ <a^ajJj 

Re = ^^ =10000 
M 

//x 10000 995 x 10 " 6 x 10000 Aloncm / 

.'.v = = =0.1895 "y 

pxD 1050x0.05 /sec 

Q =Axv =f x(0.05) 2 x0.1895 = 3.72xl0~ 4 m y 



.-. = 0.372 lit/ = 22.3 *'/ . 
^ /sec /mm 



tdlfirflJjUijttittl^feiiAil 

aJL>- '2- i>^iH JljV (^jJI CjIjjjLIII (j-a jjfcj jjIII i La ♦ i a IL. Ja_aj_4> tiJLok (j| Ljj^=j> U^=J 

i_JJlLJI (_i^>.j (_jJ-!I (_£_aJi]l (jb2 ajjjj/La (J^L>- x-jLa (JUj_ijj Jtlc .^j^sJkl jl <_)_ojj2| (J^als -SI jCLal (_yic LLaJLuaJ I 
2j^ LilLok t?eJa-m2fl jj£. (_^a2JI ^L^J-J <j-a AjsoLlII i<tl^-."^VI ^^21 iaLiisVLta jjL^ava SJlC (_ya (_^3G L^ic 
^a "i \ Laj j JlJjJjj («-^J i— 3^Lli>.l_i I a I"*- i i dl ^-."-s.VI ^_a 4_>jLiII ^j aj| .«jl_LI <>L>ij| j_oJij aj^J A_ujL>JI 

.surface roughness ~t — !l iJjAio 



^ .V 






JjJ > • 1 







lLsj jj^-— I j'** j; •_' L-a LJLc. SalUtl ojui, .cC^LLa ^_a Liaju ^j i uJ (_£JJI *_jLLI JLaij i <tl^—~,^VI ^j^ 

jJaLL jljLlall jl JaajjJI I juk i-3j-«£j energy head loss iSLLaJ! .s^c 4- ql iy> jl pressure drop .Ui.MI '£_ 

.friction head loss • <tl^v,^VI j>j_*c jf , <tl^u~,^VI 



^jljjjJI oL^jI 




aj^ajjiLa ^j_« « La 2 a (J^L>- i La i < "a II ^_ Jaoj-JI < il i n~>- *> J^^~~ > ( T Y _ X ) J^— i ■"■ 

jj-LJ Jaji LgaJI ^_ Jaj-tjJI (jl_S ( _ V ) J^— ■ loJI ^_ Tc—iisjjJ j_ifc I i ^— i La < s_aJ-il (j-a UtlaJLa uJi.3-1 I jl 

: aJLU! ^jUi! iL^ljj ^ (2) j (1) ^.Ustl 



f l v 



(3-39) 



.*jUI £ali^= ^yjk p j <*_jUI £cj_uj yAV tLdL^aua»VI J^Lta jjb f i^~p- 

.N/m 2 4jIjo-j SJjLlLI ojla 'A.,Ui,>>\\ 4-<Ja>^JI jl Li* SU»^\I tU j_, t^tl 

••(jJllIL^a H i La ♦ i a N J-T^— ■ daijiajl IL. >-La>AjJI 4_!j>L»_a 4_iLl^= ^==3Laj 



# 



Pi "Pa 



/ 



/ v 2 



(3-40) 



pxg d 2g 

(Re- ) jjI^j^j • 

M 

ejj_uiUI j LaJa fjl 4 Sllai,! 4Jg_<ljJ| iiini (^j (Relative roughness) ?J — >l 1 a-uj^III ajj-iSJkJI • 



(jjj^iji^i) 



£> 



(f) tiii^-.-.^vi j^u^ 



) .A 






J >J 



^ . \ 



}jl>l!j uljjlji*)! |«k uUwLui 







yilldlCl Idl) OUJ 


mm 


Riveted Steel ^Li^JI 'S^yz 


0.9-9 


Concrete 4JL_uj^>JI 


0.3-3 


Cost Iron jjtj jjJl*. 


0.26 


Galvanized Iron jj-iL^a jj Jl>. 


0.15 


Asphalted Cast Iron clLuj.a j_a>j Jlj Jl>. 


0.12 


Commercial Steel^jUo J^j^ 


0.046 


Drawn Tnbing 4 ijjt in'i ( < mI"4 


0.0015 


Glass 7rL»j 


Smooth 


2 i >l -»-"n » , , „l a! 1 ..;-,«,! JU,««"\| 2 ia ~,i.t| (V 


T),JaJ^ 



Moody Diagram jj^iaia** 

ilai uaJI lLj-jjJi J-sl^aX. J ^— 1 aLc J-ll^ (j-C 2jLiC (1944) (^-ij-a jtiyAa J J 4 j mj da-Laid I I juk 

Friction ./tl^-^Vl J .U^, (gJI^Jtl j| ) ^Ul (jL,_«J j^I^JJj ^U! 4- ouiir" ,.,U jl^Jtl ^I 4- 
1 1*-* jj-c I j~.t; — .\l * jj^aLAJ j-^ljii « Jl£. i_i!Lli4>j ?J — VI 4Jj^>-j Reynolds Number j jJ^jjj a^jj Factor 

# <2xl0 3 



4-ll i n~>. "j^— ' 1 'j jjjjjjj /<^j *_a 4_ilai». cG^^Lcj 4 y\ < nitl 4jj ui -> 1 1 (jyic. J.»yi-*J "^ ' ^tl^— ",^VI ^J^aLta (jLs 

:4_JbJ| aJ^UI^ 



/ 



64 
Re 



(3.41) 



0.001 o-a J^ 1 4-L._L.al! I ^j-AiJIj Re>4xl0 3 jjJjJjj fs-£>j <jL^= I i| or-ljjJI l-sLl^VJ 4JU 4. 
: iljUIl ^ 1 <tl^v.^VI J^aLta <_iL^>. (>^=laj Smooth Pipe *L_JLa Sjj^UI (j? ^1 



/.= 



0.316 



Re 



0.25 



(3.42) 



) .H 






JjJ > • 1 







Rough Pipe (j ifujJI ajj 111UJ 4 XU;^ _j <_3j^*J i^-i^o-a JaJ^ita ,j-<S *j~>JI I Jl-&J W^'j- 5 jj ^~-.' 

Zone. 



(d ajjj-uUI jlaJa JJ (e) iallall 4Jjmi->U 4 j ■ .1*1 ^^ 4 u r.n <tl Oajfujjl ) 

.Lllcu-LII JJj-iIjkJIj i^jij-« JalaieJ, J^=lAII jiajl Transitional Zone 4_JLSIJ^I ilLlXI j i_3jju ilLiil ojufcj 

Li=0.014 <£L>.jjJ ^y^a-tJj^jL-LA OJJ J-«^>o 6mm OjlaJSj 15m 4_!aia (-J^jJI 4- i-laJLua]| 4- ^^V ^J^ 

.848 kg/m 3 d~,al-,^Uj 2 m/sec *_j^jjVl J>L>. 4j£.j_^j Pa.sec 

oxfxD 848x2x0.006 
Re = - = =727 



M 



0.014 



.^rdjLJSj >_llj)nWlfl 2100 (j-a Jit jjjjjjj aIj (jVj 



/ = 



64 
Re 



/ 



64 

727 



0.088 



•.(jjjLSJI ^_yi < f tl^-»"-*.VI 4_5e_tTu JaJLL^aJ I ^- L ^ 3 ^ L t^' *— *' ' 1La * O^""" 1 1 ' (_,-! LjJ Li j 



P;-/>2 = f x ~7 x — x P 

a 2 

p.-p 7 =Ap= 0.088 x x — x848 = 373.12 kpa 

1 2 0.006 2 



^jLjjjoJI sL^jI 




6 mm 



15m 



\ \ 






JjJ > • 1 







dlSikVI J^bu. 



p 

b 



s 



o 
b 






a 



b 



o 
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Relative rougKness t/D 



«UxutJll ** "'j uia SI 



Moody Diagram ^^j^Iikk^ ( YV -V) JUi 



^ > > 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 






G = 20(/. oL^JIJ 



mm 



:(Y)Jll a 

jt^— IjllOm LjJ^ls (jr^-^a <-3>i-^ Sjj^-uLa iL. ( A ^) JaijiaJI Ja^jjfc i.inivl 

.// = 50xio _3 Pasec 'O^.jjJj 1030kg/m 3 JjL^JI r^l-,^ 3.81cm Lkj_Li> 



2 = 20 \ 



min 



0.02 



m 3 0.02 ^s 



in 



min 



= 3.333 xl0~ 4 m / 
60 / sec / sec 



■■b^3 



Q =Axv 



v =Q= 3J33X1 °~ 4 2 =0292*/ 
A f x( 0.0381 f /sec 



0.292 



/;/ 



sec 



(_ll J) n \X\ 4-l£.JJ JtJ Jl^CjJ j jjjjjj (<w9j 



pxvxD 1030x0.292x0.0381 „„„„ 
Re = = : = 229.2 



/' 



50x10" 



Re< 2100 



Ap = f p 

D 2 



/' 



/ 



64 
229.2 



_ 64 
~Re 

0.279 



Laminar Flow ^^Lsj e-sL^uJ^I (jjl 



^HjJI ^Lu-iVI iJU ^_ 



JaJLtJaJ I ^_ Jo j_wj I 



10 (0 292) 2 

A» = 0.279 x — x K ' xl030 =3215 .5 Pa 

0.0381 2 



) \r 







tOOjli. 

j^?j^ ajj_^La J}L>. 80°C 2jlj_^- 5->.jJ JLJ£. *U,I (j-a 3 L/seC (_gj in" La J If ilai uaJI lUqi ft <■ i uia.1 

40m IjJ^La 52.5mm LkjlaJs l5jW^ 

3 
971.64 kg/m ^jL^ 80 C a^jj Jl^i *UI iab^= jti. 

0.358* 10" 3 Pa.sec (^jLuj 80 C a^-jj, jl^i *UI ^jjJj 



= 3 L / = 0.003 m / 
/sec /sec 



y = Q = °- 003 = 1.386 V 

A ^(0.0525) 2 /S6C 



*m icj_ui 



jjjjjjj JJlC (- i i n ->'t 

p«, «Z>_ 971.64 » 1.386 » 0.0525 = 197500 , 200000 
ju 0.358 xlO" 3 

40000 (j-a jj^=I jjJj-bj (<kij o^ L«j 

.;_£.} j-« ''"^->" a JlJt" i n )J 4j 1 1 nitl <Uj mi -> 1 1 (. 1 1 n ■>*< I jj 

8 = 0.000046 m ^jUuj i^jUeHI j^a^JI aJj-JJw 

.(^jLfcldl 'vVjAlt 4-LLL.U-Lll AJjM|->1l (ji! 

* = O000046 

D 0.0525 

0.000876 ^inutl o^iiJIj Re = 197500 jut ^j>>a .UU. ^ I j^LuAj ^jj 
/ =0.0208 



JajLtJaJ I £—. i> ^_uj I « 1 1 i n~>- ^j'—- - i ) 



A , L ^ 

Ap= f x — x /? 

D 2 



0.0208 x 4 ° (L386 ) x 971.64 = 14.8 &Pa 
0.0525 2 

.nr. 







_Lic ^L^JJ Jl_s>IjJI ^iJLl A_ ' La » i ia 1 1 Jo^-uJ <U^sL>JI <i ^" IUU>j Ijl mi \\ (J->JlJI (j a ii Lai, I ^j-^* ) cJLoi 

N J "^ ajJ—i-uLtl j La^a (jLj^ "ill <Lcj_ijjJ u -j-r — — t T T tjuj <-oJI (Jj^JLA 4-3j_t.<lJ LlLJjlJ 4— i-ULX ajlj^>- 4_>-jJ 

j-»-l I Lalaiejfl Ijl mi )| |_£j^>-I ajlj^>- CjL>-jJ Jl-lC JaJI i ja II Jaj-ut 4_3jjl>j ^j_a 'j'^—" o"" l _ / ^— < ^ .^jL^tlll 

aJIj j_a> Jjjmlll j| Correction Factor »■<*». ~v.t| J^Ltaj .aJUaJLI SjIj^kJI i*.jj 4- 'k;,ut| lLjj_a JjJ^l! 

.(Yj^ ) J^-* ■"■" 4- ~" i -""" La J-Aj (JjI i nil t jLjj_ijj <U1j_ijjJ ajlj^>JI 4^».j-S 4- 
IjJI jj_U 4- <-Lai_iiaJI ilaj-xA «*lj_J9 J £=» gj 50mm Sjj-i-uUI j LaJ3 jl £=> lil JjjLi^JI JLHI ^ *'* 

.0.88 ojjJs J^Ltaj 1.386m/sec ic>"j 80 C Ju£. (Y) J^-> Mill 4- f>4p' I j-* p.-"*" """ (J^-kuj 425pa/m 

.-. — = 425 x 0.88 = 374Pa / m 
m 

40 m J lLJl^JI da^jjk 4- JjJ^I 

.-. AP for 40m = 374 x 40 = 1 5 kPa 



\ \ t 






JjJ > • 1 




Pressure drop, pa / m 



GO ■&■ Ul 

o o o 
o o o 



-»■ l\) GO 

w en o o 

o o o o o 

o o o o o 



00 Q 







1_£jL><j iVftb ajjjj/La (J^L>.^" ^ ^j'j- 3 *" ^"J- 5 Jl ^ c - *L«-^ liaJuiaJI Jaj_ufc 



^ ^e 






JjJ > • 1 







1.05 



1.00 



S 0.95 

g 

"•I— » 

o 

CD 

i_ 
i_ 

o 

O 0.90 



J 
4 



tjj 0.85 



0.80 
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v^j 
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Nif 
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\a$ 




10 
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D 3 


4 


5 


6 


7 


8 


9 


10( 



Temperature, °C 
Pressure Drop in Fittings jgwi>ti(u£>j )^a^^^hxiai\h^ 

ClsLcj-jij i i_uLJ VI 3 *— 1 1 '"■ 3_}l_c -* . ^"jA ■» il I.-.I1 1 * l".-»^ ^_j 1 ?i ij^-,", U a qJajf ^_ «.lj— Jlj $.1—11 *_jjjj 



^ n 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







£-. asj-yll i. i i ii*>.j j->-l iy. -Lt-<u a! ( 4_i_i£=3^jJI (J^L>- i La » i ia J I A_ J^> j_wj I (j-oAj i. i 1 1 n < LJ^Ia I_Ulj 1 q\\ Uf I 
^j_a jl JlJIU (j •■ a ' ^_ i- i i i n" < (_£ JlJI fylj laJI JlJljJI i. i i h*«.j /<ui (j-^J ' 4_)j_3lj]L) 4_i_i^=3^jJI (J^L>- JaJi tiaJl 



(_., <ii » 2/ ' 

(mm) 


(mm) 


&* 


TV 


aL«-U3 


aL$-U3 


90° 


45° 


Zj^jJZ 


a ^ 1 n~ 1 .,, A 






15 


15.80 


0.6 


0.4 


0.9 


0.2 


5 


0.2 


20 


20.93 


0.8 


0.5 


1.2 


0.2 


6 


0.25 


2.5 


26.46 


0.9 


0.6 


1.5 


0.3 


8 


0.28 


35 


34.04 


1.2 


0.7 


1.8 


0.4 


11 


0.42 


40 


40.90 


1.5 


0.9 


2.1 


0.5 


14 


0.51 


50 


52.51 


2.1 


1.2 


3.0 


0.6 


17 


0.65 


60 


62.65 


2.4 


1.5 


3.7 


0.8 


20 


0.79 


75 


77.92 


3.0 


1.8 


4.6 


0.9 


24 


0.90 


100 


102.3 


4.3 


2.4 


6.4 


1.2 


38 


1.27 


125 


128.2 


5.2 


3.0 


7.6 


1.5 


43 


1.70 


150 


154.1 


6.1 


3.7 


9.1 


1.8 


50 


2.00 



J-t-" 



I_jJLI oU*H SjjI^XI JljlaVl ( ^ _ r ) J> 



:J12U 

(j-a ^\^=A 4 1 1 nl (jy ic (_^jjj>oj 75mm ^o. »^?l 1 ^U"^j . ,,,ljt I c^JL^= I j! — <>Luj j_u-ulj^a 2 aj\\;* '£_ 
Jaj-jAg j^JLa^-VI /^ZLl.u.U Jj LaJI (_<_ca^l 30m LjJ^ls (jl £=> I iL*a *-jjI_jj cjUU-^s 4_j>Ljj 90° £j_J 

•l^jUo X2jJS>{yi l-ilu^a Ij±ujW\ . 1.008x10" 3 Pa/sec *UI A^-jj-Jj 998.21— *UI ^fllfi^a jj>. .6 L/sec 



= 3.0m 
=9x3=27ra 



(90°) J^l^l gj^al] t^jljll ^2LcJLl JjiaJI 

£^=f 4^^3 J^ 



= 0.90 m 



Lr i\^i a\ <i i^it (^jlji.1 ^ l S T li j u- U (JjIaJI 



> ^V 







J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 






= 2.7m 

= 30 m 

L = 30 + 27 + 2.7 

= 59.7m 



iJj^j-uLjJj p^" i "1.1 (Jia LaJl 



V 



Re 



g _ 0.006 

A -(0.07792) 2 

1.258 m/sec 



p x v x D _ 998.21 x 1.258 x 0.07792 
ju ~ 1.008 xlO" 3 

= 97071 



*LI.I (jUj-m A£.j^m 



'. JJJ^JJJ -}JlC < ll I rl~>- 



. ( _ ;r aljJ jl i— ij Ui>ia ,jLjj_i_uJI (jjl 



e _ 0.00046 
D ~ 0.07792 



-0.0006 



4 J { ( n ill 4-1J ( il"* U 



/=0.0208 



( i^Jj-a .UU4-a a|jLa-"i»Lj ) i <tl^V,^VI J^sLta 



A/7 = / X /? 

D 2 



JaJI uaJ I Jaj; i A» 



.02 ( «x==^x==^lx99 & 2 J 
0.07792 2 

: 12587 Pa = 12.587 kPa 



\ \h 






JjJ > • 1 







jL-4^ <^-*J ■„ 



pumps and pumping requirements :g£}i uLULmj uL-t^H 

j-a j-t—C (Jjl i_uJI j>e lis jj_ C (JjJ i-uJ.1 jl_^>JI ^ & <LJe uaJLI 



wV (jl ^-ia ,j_j8 jj. 



4_jejJaJjj 3 *jfc» <t I j . , ,,lj f, £_ (JjL^JI t jLj_i_ u 4_ajlJLa (JLc (— cUTlLI 4_aj^UI iJsLLaJI gjjl , qj| ,_la*J „ *—• J 1 1 ^— i j a 
j l_£j^=j_a ^ U \ I i~il V ,>.a Lai JlJt" i nl I Aj '^—■Ij I <fej j '"< Ij LLaJLuaJI I Jufc L^j j^; U>" <_jJ-!' 4jjjj_LaJI (_yic ' a-Luaj 

*jj Laj (^JJI (pressure head) Ja* u^JI Ja-*c. j-A 4ir <>»t,l *ta1 j-j-<w La *_&? (jj .3 j*vaJtl I^vlj^l Cilj- <>ia 
a*L_i^=j L_4^tL>o ^p—I^power) Sjj aJlj 4 A*jZ ^ J— Jl JjL-l.JI (flow rate) ^Lj m Jo_ xa j or uaXI 



J ^— I CjLiije-La IL. (j^ajl '^-^tl <>Jlj4> (j a uaj La LILcj ZseJuaX\ (j^ajl LaJ«J ojufe (_ a i n"j .(efficienCy)4-J=_iiaJt,l 



a «e La ^ 




Ai^Mi ( Yi _r ) j^,,t,ti 

:( Yl ) J^aiAII jlaJl . (y) XJa^lllj (0 j>Qlaii]| <>_) (^^ajj-i iJjiLva -j^U".^ 



Pi V l Pi V 2 /AN 



(3.43) 



i£al*]| jlj^kJI fj\ Jii inVl jlj^JI ,j-a 4Je_ub jljj <2.1 Pa sec <H>._j3J j 1100kg/m 3 d-,al-,^u . SI a 

Ot-ubj^a JI_alaVI .(w) 4-a-i>it,l AJslia l-ii.n-wl 50 kg/seC OjJJS (jLj>u< JjuLAJj 52.51mm 1 *j U Sjjj.uLa J}L>. 



^ H 






JjJ > • 1 






JaJuiaJI (jljuiS (_£j 



.30 kPa i^jL^ <JMi. 







Pv v i 








P 2 .v 2 












I 






"V\ — 

3m 




Vo>> 






lij'j^ J- 1 ^ ' 










7^ 

3m 






1m 






4 "v ■ --■» ^ 

1m 

-tev 










3m 












3m 


15m 






1n 










^o<> 


w 


i 













jliXK Y6) J^i 



z,g + w = ^ + ^ + z 2 g+(A/? ) 
P 2 /? g 



(jr^J-'Jr 1 ^- i '-*- a Jjj. "' 



4_iic .(_^jj>JI Jai uaJI _j_4> (Y)j ( ^ ) Jtl£. Jai uaj| t lj-A^> (_gjl i n" ( ^ ) ,jIjJkJI ,Ji«.Jua Jtl£. 4X.j mil 

v 2 2 
w ^ — + z 2 g-z l g + (Ap) frict 
2 

:Cj^Lu^> al'JIj ' <tl^-i"-^VI <Lie_uj i La » i <a 1 1 (jl jJLs i il i n-st 



Re = 



v -A 



pxvxD_1100xvx0.0508 
« 2.11 



50 



■ *lCj i nt I 



— =0.35 m / 

A 1100x60x(f(0.0521) 2 ) /sec 



)1 . 







J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 






Re = pxvxD = 110Qx0.35x0.05251 =9i6<2100 



/^ 



2.11 






Re 9.6 



: dl^Ln^ jIL? I J I < tl^-."-s.VI <L3e_uJ i La » i a J I Ja^jJk 
A f LV2 

An = f x p 

D 2 

L = 7 + i + J + 2 + i5 + J + i + J + 6x2.7 + ix0.6 + 2x 0.65 

L = 29 + 72.6 + 0.6 + 7.3 =43.5 m 

43 5 (0 35) 2 
An =6.67x — x v " ; xllOO =372.1 kPa 

0.05251 2 

:2j_^>.2lj Cj^LllojUIIj ' { 11^-i"i-».VI 4jx-£li ' La » i ia 1 1 <_L>^_uis 

A/? M =372.1 + 30 =AQ2.\kPa 
402.1x1000^/, 






m 



1100 



%/ 



= 365.55 -^ 



% 



m~ 



HI 







Pressure Drop in Air Duct Flow *l$A)ldUU«^k*<A)lk^ 

4_*_<-u LJ (jj ^-i" jl J-.L- -V J ^L>-jjJ,l jLa *'j-(J' L ^ L rU JX -^ 3 4_JLa 4-j^j jl aJLsjij jl J£>-u jLg-»- mj! <4- 

.(_£j_^e-«JL! 4_ii^=JI 2 ajl aXI (j-« (JJLSj j ;^~-' jl igjl i uJ /-^a-jjlj ■ ul JaJLuaJ 4ja Lta 1 1 s-I^JI 4_u^= *-SjJ 4_i2L^3 
jl jjJ^-J Lg-dljLa-"i ml (j ^—i <1J (_P-J' »lj(j It ^j (S>7\\\ CjLlj mtl (jj/Li-ul (jr -lc (_£jl_J>Jkl aLj^ej*-! JJl^sO 

' dL^SLJa. 31 da-Lia £_ ^j La i ia a jl JuiS jl sLisjjis 

»I^AJI^ULt«^taAyaJHa^AuLa>y^J>ta 

: jl UJ3 \x. (j 1 1 ii L4-4 

A * L / 7y2 



D 2 



1 , 
Ap = k(-pv 2 ) jl 

* = (/x-|) (3.44) (jjd^p. 

Resistance Coeff. or Press. Loss Coefficient .Ui.MI jl j^ J_aL*_« jl LajLSJ.1 J^Lslaj K ^i^. Jjl^-jj 

jl *I_^(JI J3J- 6 tfL^ul > mjm (j-o I mi M (_£JJI (_ y ^=i_L>3LijjJI 1 toil tiaJl tia^ufc ) i taj tlaJl (jc j_<_ljljJ I (j^a 'j 
Liljjj p la ^-»l Jj^>-jJ liJJjj 4_uljjfe CjLaljJ »j i"i > i. . i i .1 1 jl *I^(JI (_£jL=ia ^_ s-I^JI <Ulj_<-u > j'-^^" s - ' jl 2-iuj 
(Jjj/IJLaj CiLa- i"'j-aj *lj-£> l — i '- £ -J3 ja 3 (Dampers) CjLiI_jjj 4 aiaieji Cj yu^s jj r-jlitaj (Ji>-I Jl^jj aJLuJs oLxlse-Laj 

J.*'*''^-' > I (JjJaJLl iy <l i ii \ L«-l ( Lfc^-t£.j (JLJr i n"ll CjLALa jl Jj^xlll ■"" flj "j 

D 

. . Le = 



/ 

L e = Equivalent Length (m) ^L^adl Jj-taJI 

K = J^=lAILi (JioUkJI JlIoJI JjsIjla 
f= ^1^-,-^VL A^1\ j^AJl J*U* 

D= (m)^fll^=JLl^laSJI 



> 1 1 







LLaJLuaJI jl jJLa^ *'3tJ' ,d ^1^~' (_y-^- L<-uL_u1 I ^ a j" ' ' ^.i^-*"'" f^Uo-i 4r 4-^-j>-U "J-^J t^*-*- jLlc>-i 

P =ApxQ 
^j ^aJj 4_iLu^=il!j _it^._l! /— -Ll»vU ju^jTJI 'Jj_<ij>o <u^sL>JI '"'I ijn <,v, II /^_« L_ U L_ U | jj^soj i_3j_*3 *'_afJ' 4_l«^=l2 

.'Uilj-JI d)l a-LaJl p j -i ■ -x" i 4_l*3L>JI CjuI i »->n ( j J o JJi^><_) 4_jl_3 Aj>~^jJ,\ Jj* i"i"t i_<i>.|jj| i Laji tJaJI jljJLa 
l^j-se-aJL! 4_jJL^=3lJI 'UajLiiil jlj-ILa (_ll i n*«. 1 <jJl_)_L>o (j ^— » i ' <lrs~j^J,l cLaLal J a t" i u < (JJJJI JaJI uaJI jl J ^-i a 

:/y3 LujLujI ^j^ =a " ) (_£Jula 

Friction Loss <<tl^v,^VI S-»m jl2AJI jIjlLa • 

d x t x/? 

i La * < a II jJiaj i_3j_*-i I Jukj CjLaljjJI a! <jL>ozl jt <Ul^ i ntlj.Li.tJ 4^e_uj ■ La » i a 1 1 A_ > aJu\ j! jJLa • 

Dynamic Press. Losses ^^a-ujLbjJI 



2 

: ^Jl^A ( dLtA ) £>*« ^ tajyaU ^&JI Juull jJi£J 

• (j-« (jr- 1 3"^ L^J^?- Lh* 4jLt<aaj JaJLuall ^ '^-— » II > tLaJI ,jj^~~ '"" 

,/tl^-,^Vl ; r: -\ ,U:,utl 3 l^JI • 

: 4 _ =r 3"^( ( (j^a (J^= jl (_)Jaji ' jl Jl>-T jj^a ^ljLlII JuLill • 

d)l -»■" Atl . ^ 

jtJL.. cr^-j^ <£>** (Ji cr^J <£^* *>* fcl^' •*■ 

3jl^j>JI CjL>-jj ^j_a 4_jjLj 4 ( i*ii La-La JJi_>lJ (jJ-II CjljO-j>J.I .j'- ♦ ' dJLlA ^!j_JI I a ^^~~'" 4_JL>. 4r 

>LlaJ '2— 4j^lLa^aj LC Ll^fC l- < j i n" V tp-J'j 4 J '"LiXI <; l_j-J I kcj-uj lLUJl^=j CjL»-jjJI ijjub JtJ£. *l_a<JI 4^Ll^=j 

p_Lt-i (jj a'l^tlj (jj-u/jl jJlj » 1—aJutJ I f—J-^J 4 i 1 1 1 111 I 4-l.lo ujJ I CjL^^vLjiJ! <?_LjJ Lt-u lLUJij . L&^lc j i a ^^^~'" 1 " 

^JajJj tlj Lul^aJI ^jLsJkl '2— ilaJLuaJI 3j-^ j ^ JlJ> -^J 7r-niyj3 J^ml Jjl Jl»-j (Diagrams) CjLLalaita <-Jij : a£^j1\ 

| jj Sjj-u/Lil (JJlJLA <_1UJl^=j (_^jL>Jkl 4^.1 ...a j| (J^3 ■"■ l£UJl^=j «.Ij-JI 4_lo^= (J-J-« 4 a^JLI (J-aljjLlI ^j-^* ■ ) 

jj_La ^_ f-j_iisjJLI I J_a> 4 jJaJu p""i i nj . ajlj^>JI CjL>-jJlJ L«j3 Liulj ■ d ^^~~ '^"' ' "N ' J I 4_uJul>3 ajjjj/La OjL^= 

.4_JLu^^aj 2jj_u2J ^j^=jJ,l cJij_i^=il1l! I 
_ SIT _ 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







: JjVl JI>J! 

Sf? ilill JI>JI 

^j_a 0.2m j (J_ajJI ^_« 015m j *uJe^>J I j-Lt_Lg> O-JJI j->JI ^j_a 012m <_) (%-La Jl>-Ij ' .»^-» a j"" 4-»saa. «.ul 
*^*j>JIj ilajJLkll 4-ta ...j~tl S al~,^tl Jl^-jI .1.15 kg/m 3 4 ~al".^U ^jJI *lj-A *LJ^I 4_ /«_*j>JI 4_Lajj jiU.! 

997 j 1500 j 2750 ...t^nll^uU ^Ij^aJL^JU *Ulj J-«jJIj c^lj^JI S_ali^= JuiO .Ja^HI e^j-L!! 

.<JI>UI ^ 

:dJti)l JI>aJI 

100 1/sec (^jL^uj icj_t^JI jIjlj>jI jl ^ li! 4 La-pJll «jlj_>JI a^jj Jir *UU j^st| jL^J j^-j! (I) 

.0.001 Pa.sec (^jL^j 4Ja_p4l SjIj^kJI ^>.jj> jlr *LU i^-jjJj 

4 -t^=a-u>LijjJI 4 ILxjjJ j 0.85 4_u uiiJI 4 "*|-,^ Jjl l^J 4 jjL-Ll^JI 4 a-jjUl J »jl (^j) 

2.87 xlO" 3 NsQc/m 2 

.(jj/Lai.1 lLlJ uaJI tilaJLuaJI <-3j-C ( l) 

2j_U ,aj!M_II ^^-ijIjjJl-^JI ijlil tlai La jj ^J («-^= .7.5 Cm L&jJ^l 4 ^'^-—^^JJ '^^ 4JLjIa ml (uj) 

.JJj-HI v: .^t l ^ 6000N 

(^JJ! (R-134a) Jl-J^jJ Lta-i --j; ^JLa 7.5 m 4_cLajjl jlj^>- ajL^lLa fjAe. xJal^JI ilai LaJI j_A La (r) 

.1 MPa ^jLd (j'j^l ^ U '" cM Lt^LLaJI <jL= I i] 1206 kg/m 3 4^Li^= 
Jl^-jI .95 kPa fjJL (p^ajjLJI) i^j^JI .Ui.MI ^LLa <jl <>l>. iL. 150 kPa .U;,>,tl ^Lia IjJL (j>) 

.JlkXLU.MI 



j^» U 999kg/m 3 *UI ^Li^= ji. .101.325 kPa *jj£ ^^^ .Ui.M ^L4=qi *UI jj^ ^Li3jl ,.,,,,^1 



.JjjjJL *UI cJj-lLlJ lil f- LajjVI 



Ui 






i^j > • 1 







4 -al-,^— ^La j 750 kg/m 4 "al".'^-. 1 ^k**' ^LjL-u ^gjJL-vj (£o->iJI Jsii_«iaJl jjjLj ^1 rj^Lia (jlj^>- 

L yj\-2X\ tlaJLiIaJI jLula i_<_<_ioJ <*m 3>2 2m lUAjJI J-acj 3m *!_U Jjj^i (jL£= 'H^ .10 3 kg/m 3 
.1 bar i^jL^uj JijLjJ! i£^>JI .U«.^tl jl UJLi .(jlj^kl! sJl£.LS ^jJ J I La 1 , 1 .U;,Mlj 




M-tOl I nil (Jl I ' il II 7t-ii 4-1 J^" - * ■*■' 

J^— uJI JjU". ... ^ (-jlaufc tij-^*^ 1 <J*-l-i j-«f 30 C «jlj->- i»-jJijl.5 bar ojljJLa jjlU* U;,^ jj *'><*> (^y 
L) ia_aj>ol I jLa 1 250 mm 4j«JLi5 Jj-kj B jlJ£. J^ ifoll j-jj-aj « 400mm*300mm ojLijIj A jJki 
ij>.jji jl Ci Jr lij B JlJ£. ^j^>J,I IL. *Ij-(JI <£.j-j-u (.< in-wl <B JJ A <j_a 0.2 bar jlj Lo Jai .^tl 
.18 m/sec ^jL-ujj A jJ^. *l_ajJI icj-^j R = 287 J/kg K*I^JI duliij jjJuj *J SjIj^»JI 

•,(>aliJI Jlj^oJI 

(jLj-i-JI JjjL^S 1 '>■_'! (- Mll-wl .0>Lc.f J^— uJI IL. TClisjil (jlj_»JI IL. 4jbj-UI J>L>- *UI <Cj^UJ <- c I rl -w I 

.4-ifcjjill J>L>- Cr *^EJ>JI 





1 












4 m 








d = 100 mm 

3-^2 









jjll£=3 (j\j^- (j-a <Ufc^3 (J^L>- < in i ii sx \ 



)10 







,/tl^—",^VI Ajy-ftj ^-!>ijf J^L>- L« *_jLj (jLj^oJ ilai ' ^ — 1 1 £_ t^Atl jciisjj iljiLta <_<I^=I (I) 

jVj_3 Sjj_i-uLa J^L». 80 C Sj'j-^- *->-jl ^-^ L« £-jL« ^ 6 L/seC t_gj < uJ LaJii£. daiLuaJI Ja^.ut<_i)n-wl ( uj ) 

801 kg/m 3 i^jL^j 80 C SjIjj- i^jj jus. *J>UI 2Jst\h^=i jl». .40m L^I^Lj 52.5 mm Lbjiaii ^jUj 

. 4.46*10" 3 Pa.sec i^jL^ 80 C Sjlj^ a^jj Jl^. jjUI 4^-jjJj 

4_ Jl^-jjj .60mm ^jj\ mj ^ om^l Sjj mULl j LaJaj 42 m Jl-£>-<3 oLya j-jjjj I^=lj_Ju ig_jj ml^XI Jj-^ 

(J-aLta (jl ^-» I jl . 4_ul_a-l CjLaLa_i^3 4" i nj 45 pj_l ^j_a plj-^=l 4_*_)jlj 90° ^j_a fr| a ^— >| A_uLaJ 4 ^— » ■ JuJI 

4- Jaj-^ll a_l»^3 L.Lxoa.1 <480 L/min i^jL^ ^=u ,5J| 4- uLi>-^ , J^"J 0.02 i^jL^ cdl gala>VI 

.(1000kg/m 3 *UI SislS^ )..U;,MI 



^n 






J >J 



^ . \ 



}jl>l!j uljjlji*)! (Sic uUuLul 






I^IUI Jlj-^JI t_J^ 

(«^JEJ>JI J_lb (^yCj-LlI (<U5EJ>Jlj (<SJJEJ>JI (jyic 4 1"^— tl ^fc a'al",^-, tl ^1 ^y£,ji]l (<S_3EJ>Jlj 4^Ll^=liI l_LflJJ_*J (j^O 



P 



m 1 

V ~ v 



V 1 



tj^y^ljiJl /«JJEJ>jlj 



m p 
m = pxV 



m_ =2750x0.12 = 330% 



m s =1500x0.15 = 225% 



m w =997x0.2 = 199.4% 



:J^sjJI 4l"i^->j 
:*I^JI 4±l^=j 



m a =1.15x0.53 = 0.61% 

m, = 755 % 



■ 2 ,1^—tl aal",^—tl (_i| ma. • ^— ,,, 4_iJL. 



m < 755 

A = — L = = 755 

V, 1 



%/ 



) rv 






i^j > • 1 






: jl Lj1^=lI! iilfi^aJI Ujllc jjk (jr^=^' (jr^-J-^' t^*^' 



VI 3 / 

v, = -<- = = 0.001325 m X 

m, 755 / k 8 



-.dJliJI J1j-uJ! l_iI_j». 



'•(_j-4>j 4^-jjJJI lJijjju ^_ Lbl-LaJLSeli i ul ^pJI -i-!jL*-il ,* JlJt" i u t Lufc 



r = //: 






rfw 



.<Ulj_i_a]l j\ J_>_ll J_4> J <L_wjjJL!l j^jjk |J, J (jnritl -}!-£>■! J-4> X v_i___>. 

r =0.001x100 = 0.1 Pa 



:*->!jJI Jlj-uJI ^\^>- 
(f) 

.&\-uA,\ (____. ej2l\ jjfc J_ii___i]l " 
.(_£j_»JI lLjji l__?I + (jj/LSlI Jai i_a]| ^jl mJ Jj I La 1 , I J_vL_-_3l ■ 

M 

: 4->-l 1 all a Jl>-j (jr^- ^J-^-t' 4JL> Ja-LiJaJl (__uj_tj ^y3 

F 
P = A 

: (_gjl 1 n t 4_t| aia 1 u2M «Ja2j9 4-fc.l 1 na ^j-— Jj 

A ^xr ! = fxD 2 = fx(0.075) 2 = 0.004418m 2 
6000 



/> 



0.004418 



= 1358080 Pa » 1358 &Pa 



Or) 




(?:) (tJljJI (Jlp I II tl 7C_-_>JJ J-— ' '"■ 



> TA 






J >J 



^ . \ 



}jl>l!j uUjlji*)l (Sic uUuLul 







:<jljjj| SJlC.I"S (_,!£. 
P = Prop + />134 fl = Ptop +(P><gX h) 134a 

p =1000000+ (1206x9.81x7.5) = 1088704 Pa = 1088.7 kPa 



(j) 



j^j->JI ilaj uaJl + (j-uLilU '^** uaJl ^gjl i u ; Jj LLa \\ u^jt uaJl 



abs 



P s +P al m =150 + 95 =245A^fl 



:(jji-aL>Jl (JljjjiJl l_iIjjv 



/? - px g xh 
101.325 = 999 x 9.81 x/z 



.-.fc: 



101.325*10 3 
999x9.81 

.3 



10.34 m 



(13600 kg/m 3 ^a J^jJI 4ili== ^ f^ ) cS^-PW *UI Jbn.«l 5JU 4_ 
/? - px g xh 
101.325 xl0 3 = 13600x9.81 x/z 

p x x Aj x v, = /? 2 x A 2 x v 2 

•^VStl ^U , . ,-,^~ j^ ", , ..VI St n! ♦ a jla ( £bl5 L^li=a ) JaU-L^>U 4LLHI j-t£ gJSUU aJLv 4-j • 



Aj x Vj = A 2 x v 2 



m 






i^j > • 1 







:*jLjJ! (JljjjJI 4-ilj^- 




LiUjij (B) Jl-Lc 4 al",^tlj (A) JlJ£. 4_3li^=JI i—lLi^o- j, ^3u»j 4_Llg. .ajlj^>J! i^vjjj uki-iiaJI j^JLc 

.diljUil LoLlJI iljLsU! ^IjljcTli-uLi 



Pi 



A = 



P: 



Pi 



1.5 xlO 5 



tfT, 



= 1.725 



kg, 



287 x (30 + 273) /W 



_ (1.5-0.2)xlQ 5 

#r 2 ~ 287 x (30 = 273) 



= 1.495 



*S, 



( ') Jf] ( B) « La 2 1 , 1 Jilc <Le.j i nil < il i n~>- ^j^— i i ' ^j-i » La 2 1 , 1 (j-u 4jjIj o"i i n^fl <LJ.lL*_a (jj-daluj 

p l x Aj x Vj = /? 2 x A 2 x v 2 

aJjUJU 14- Q^jJ-*^ J^— i_' «LJLc < V2 I JlC La Lfljl mi->- ^j^— qj j| 4-ajlt.a Ijl'^— ■ aJ^LaJLI IL. CjI^-l<TlU 

'.r-_J^>JI Jtl£. 4-g.^ I ritl (_ll I r|-».t 

p 1 xA 1 xv i _ 1.725 x (0.4 x 0.3) x 18 



Pi xA 2 



1.495 x(0.25) : 



= 39.87 "V 



sec 



)t. 







Pi V l Pi V 2 

p 2 p 2 

Jl-Lc kcj iritLi 4_JjLLa ) <LLa2i!l Jl-Lc 4-g.j nA\ 1 uaj| .(_^j^>JI ilaJi_JaJI j_& (^Oj ) Jtlc <-Lai uaJI (j| f»jl*-s 
jj-^zaua-l (jy l]j_jj_) 4_IjLta (jL. a 4_iLl Ij-fl-^La Lg .^l^'al ^j ^— q « ^LlILj I J^- aj.Lt_Lg> j-lThj ) 4_LaJiiJI 

2 

— =z l g-z 2 g = g(z l ~Z 2 ) 
:4_<k^A]| ju£. a^ij ,,itl i_il uu> J^-— »j 4-lLi '4m t_gjl . »" (z ; — z 2 ) o^-^j 



pxgx(z l -z 2 ) 
: a/2 x 9.81x4 = 8.86™, 

g = A 2 xv 2 



sec 



g = f(J 2 )xv 2 = f(0.1) 2 x8.86 = 0.0695™ 



sec 



; ■> r,',j.<tl ^U-,^VI i^jjj A_SLkJI 4- Jl^ cdLL* g^.^ <_jj_p| 4- £^1 U^>-" **-"^4- 0) 

An = f x — x — x p 
D 2 



M 



v = g = 10x0-001 462 y 
A fx(0.0525) 2 /sec 



Re =^^ = 80.x 4.62x0 0525 = 4356 , } 40000 
p 4.46 xlO" 3 



\r\ 



'•j^s+u p*j 







(JjIj^>JI (j-a ) 0.046 mm i^jL-uj ^jUdll jV^il! 4Jj.i5J»JI 

4 J { ( n ill 4-1J I II -». )| I. I I II ~»i'l 

. = <M>00046 
D 0.0525 

I i ^tl^-.'^VI ( J^aL*_a S*I^J9 » -dali i ■■' (_£J>j^a i La Laicd ^j-* 3 

f= 0.025 

: JaJLuaJI ^_ Jo^_uJI <_il i n~>- ■» jt~>" ' 1. i ^-JllILij 

An = f x — x — x p 
D 2 

40 (4 62) 2 

A/? = 0.025 x x v " ; x801 = 162827.3 Pa = 162.8 &Pa 

0.0525 2 



:j-<iL*_JI (JljjjJI (_il^>. 

:Ci^LllpjI]I 4_lS Loj 4 ^— j ui I ! ^1^— Jl (JjIaJI i. , < nVi 



L =42 + 8x2.4 + 4xl.5 + 6x0.79 = 71.94m 

.3 



(0.001m 3 ^jU.jjliJI ) ;4^-ij,t,tl 4. *UI icj-^ , 



g =Axv 

= g = 480x0.001 _ 26 m/ 

A 60x(f x(0.06265) 2 ) ' / sec 



i U« » i :-. 1 1 ^_ J^> ^_iA | ( j 1 1 „~*. ^j^-— * a < 



An = f x — x — x p 
D 2 



71 94 2 6 2 

Ap =0.02x : x^xlOOO =77333 Pa = 77. 333 kPa 

0.06265 2 
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jjI^JIj ub)l>5tll j*l£ uUwLul 






AJj!>*)l LSo«LuJLtl }J!>lljuU)lji*)l(ftkuUuLu'l iauSjjJUjU 

^litll (j^JLUIj Jj^M (j^JLaJI Jfcjk-"' L^Lt^a j 4jjIj^>JI L^aLxaLujJI *,_£.}L±>jj (jiimU <»U^I :d)ld*ll 

If 

■4-lL-^IjJI aILLJI j ajjIj^kJI L^=L-p>LijjJL! JjVI jj^jUJI &jju* .V 

' ^^^^~-"j ^£hp-^' J^J- 5 4r ^j'j-^' L^a-LaLbjJLI (Jj^fl (j^oJLSJI (jyic d)l Lulalll i_kljieja AJSjjua .0 

./^ * (j£. ajl Jl^>JI tfjuk (jL23j 4 i i "'< (Jjjj V (jl 

.( 4Jj taj ) 4-Lmlj^ 4£.L-u ^A 
■*-u^a Liaiellll Cj Luis UjJ I j ^ . a i-x^'tl s.Ljj_LiiJ| (^jjJLa Jl pjj>JI Jl r-l"i-r"i i u . ^ 

:3jlJLfcIluLliaI« 







Thermodynamics ^jjljjfiJILSywLuJtJI 

4_lo_l^=j aJsLLsJI aI JlJt" i »l <LuLl^= i S I ulJ^sV 4_l<Cl>- AjJt^uJ 4_i£. LL-aJ I a j j!ll I j-uajj .AJsLLaJI (JLajJl oLJ »e 

jjjJuj J-J^jsoj (JLalbl (_ 7 -!Lc ^j-Tltkj 4_u3^jJI LJjUal ifaJ p t^* a (jl .J j ii a (Jji i"i J I 4_jjIj^>JI A_SLLaJI (J-ij^so 

Jjii" i n j 4 iil"-ttja i^j^>-l CjLJsLLaJ «.l jJtil Lul-L^-t^aJI A^LLaJI 4_tS (Jjj^jj (^^jJ^-U AUaJ (jL_aJ2l p i n-r'q .AJsLLaJI 

LuLp- A_ L&J-^J A~k\ Ull Jj^jsoj (JLiilul (_,!£• ^jTithj 5_L)_l£. 4-Li uJ-lA CjULij LaJ Li!l_ut> (j| I -i^- 1 .jl i n< 2) I j La 

(j ^ j '**' ^— > A. 4 ^LLaJI (Jl HTuI ■ 1£ I i_uL_ol J qTiaj tl^_JI lJi_u^=lJJ Jl_jj-uJI CjI_J_^=3uoj p la * a .4_xa^jJI 

( 3 _S^_j_t.l i_3jJ«JI (j_a ajlj_j>JI (J-5iJ /j Jj 4^=l!I tiJj^sJkl 4_jlaju (_£JlJI Jt ifuJt JtJ^-uJI p laj aJlJt" i n"'q..Lgjljp-l 

.Lkjt^_u -sIj-j <^-}l ^^-il aVI £_ LjJlj^_<j I^j-uLj tiJ^xLa j^jejJLI '£— j-he-CCil SjIj_j>JI l£JJj ^j— " 1" cjl_Jjjj_iILa 

Jt mi (J! .SjJsjU 4_ul_La-t^=JI aJsLLsJI I j^ (Jj^tli CiljL 1 ntl CjL^sjjxjoj 4_Uj J^-— ?l AJsLLaJI Jl-JjJ CjLLastaj 
(j u-l^3 a jl 4_Lujjj <L^=jj>- (.Mi nj^ J>jJ9jJlj *'^tJ' (j-a ^^ u *-* '"' j LaJ^ic ■ ^~~* J " ^~* J a 



> rt 
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Thermodynamic Definitions 



o> 



^— J a A_ 



A3 



_<iJ3 Ijl Mil_»a t i 



jl 4_jjIj I jjj^*. (jj ^jj (jl (j ^-i«ij boundaries j>jj^>JI oJ^& .4_^!jjJ! cuJ 



Lai A~u\h (_yJi>J a UaJu I jl 4 a j La * 1 1 JijJl>- i _ ;r fi> ^jj-ieJj ^jIjJl^. (jb2 ^jlt-a ^dhH OJ-' 6 -'' * ^"'^~~' lift 4J3LLaJI <_il i n*«i i 
?da mj SMjU ,„VI ^jIjJl^j. ^jLa SMjt- ,„VI j ^„j ^— 1 1 4_sjJi-Ls IL. «ljU,I (jr JLl ClLll mjJI ojLjfe Oj^j-I I jl 
L ,< ml aJUkJI oJlj4> 4- JijJlj>JI jLa i£]j_5bjj ^j ■■ j ^— 1 , 1 jf L<ya 4JL>JI ojufc 2_J aUajJI JijJl*. ^yA j...<^-t| 
ItagjJLl 4-1llII jf Surroundings <_aJj^=lU ila-pJlb LaaJaiil rjLi- 4JLLa_LL.I Cy *-i*J . flexible 4^=ijjx2a JijJls* 
ilaj jJLI lLj m_aJI *_a i La <& £aUaJI JjiLuja 4jjLj <Gjb^=a OJL^= li! closed System Lait-a LaLlaJ aUaJLJI (jra-i-uJ 
lLj --jtl *_-a aJsLLJIj 4 l"^-.tl 4_ JjiLu A-iLyg. i_L!L_ui> C^JL^= lij Open System L>-j2<La Laliaj aUaill (j_a^=ja 
.7-jIuLa p'-^'t 2LLa ( Y - £.) J^~* uij (jjJ-C- P zlILa O - £) J^— i ■"■ Tciisjjj .Ja_L>Jkl 




4^,^1,1 iiujlj jjj^JI .pllftiil : jliXI pliaiiK ^ . i) J^=u 



>r« 
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SUj^-t I iloJIj JjJu»JI t alialJI :?-jla.U aUs-lII (Y . £) J^— i^i 

■a-jjIj^>JI i> i.itl (A^jjUl < 4 al-,^utl <^tj>J| , ,U; .Ml <Sjlj^>JI i^jj (j^sl^kll tfjuk jj^s ."properties". 
V (_j!iJI ^^^Ij-JkJI L^jLi intensive 3j_^=jJ^I t _^alj_>JI i_3j_*3j .SjiILa-aj 3j^=j^a ( _j^3l^>. ^J\ ^^^IjJkJI ^ . ,.^"j 

100 °C ^y-lb (^jLlJI l5J^' JaJLiaJI Cc-vj Mia *UI (jLIf 4_»-jJl3 ajlj_>JI ia-jj Jla SjU! 4±L^= (jr i£. JlaIaj 

(^JLc ; jjj <^N; Jumju extensive 5 jCUJtl <_>^l_aiJI La! -(J^j jt jl>-Ij (*!>>■ ?UVI If_ *UI aJi^= .-.".l^-. ^Ij^^ 
!«; baj>o (j ^ij homogeneous 4_<^JUela SjLt, 2 jJLa-U 4_i_i-3L>JI (jl 1_La Ja a.>L 4 al-,^utl JJlo.4Ji^=JI 

;|-,^-,tl ^^^JLc 4 m^JL LiUjj Ij^sjua 4_u^L>J 
aI talll (J_ajjl Ijjj .«La^L>.j lLjJi i ia ] I jl ajlj_>JI 4_»-j.} J-J-a «Lual_ji>. *_lS 4ia ■ ulaj a UajLl I <UL>. JJl^cjj 
(j •■ aj Jl-Lc (j a ^— J 4 "j la * 1 , 1 (jl-3 Jj^il 4_JL>JI i^_ C^JL^= cr^' 3 ' "**' (J? * 4_i^lji>. L^fS ,jj^~~ ■"' <UL»- Jl 
4_JLv JJljsoj. .4_ajl*^a *_iJ9 Jtl£. ijjlii jj^-— " A Hall I (j^sl^ji*. <J^= (jl^ 4jjlii a Hall I 4JL»- d*JL^= I jlj .4JL>JI 
(j-Cu-Lg L>J I A- da;" i"ijj .^ys\j ->1l 4_l2j 4_3j_jl>s ^j^— ■ i ' JljJlIcj «L^al^>. ^j-a ^~ulus L>- 4.^j-t.a-i Lajl.1 A Uo-IJ I 
jJ-^slaJ "^ (jy^. 3— Lll (0-^ej>JIj 4 al".^-. tl Mj-«-2 ' 1 ^ ^ ,^« > ( ^c i yui2~u^Lja Ljj^aj (j| illilll 4_JI_». <jl JJtjso lA^' 
(jl J-aTnj t ]/Gj_i-aL>. 1 a-^a ^LlILij (^yg.j-lll /o^ej>JI (_!jJLLa (^^ 2'al",^-, tl ^jV LiUjj da^ Allaj 4JL>- I^Jljso (j) 



(jLtl2j I " a ^jlTl-LLa lj- 1" I n I I 



)f\ 
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4- 1-2 Ja^JI a -i^j^»1 (jll SJL>. (j-a *\ fcaJJI jj «" I pl^ process ^,^^1 '.' N j / 'j/' tl *Lh^' ^ jJlj> ^ 

SJful (j_aj .(2) 4_JL>J| fj\ (1) 4_JU. <j-a «^ej>JIj Jai i^aJI «jL-^j-JlLj il—p- *lj-^J i_P-*J (V - £) J^ ui 

.jUkj Jl fill Jj_aJ>o jl «lLLi tiaJlj jUJI JiJi^j 4_JU_*J| aLpJI 4- iijjjLU oI*Ijj>»VI 

jl_2 4_JL>JI ^j aAj (Jl -SjJtJ (j,^>- 4_uljiIL)l 4_JL>. (j^a CjUIj^-^I (Ja 4 I i nl i ii (JM->- (j^-*-« f»UaJ 4_JL>. Cj^jJlJ Ij'j. 

(j_a 7r i>i"j La^= thermodynamic cycle 3 ^^- , j /t **_' N j / ^;/' ZjjJ J_«^=l jJs jj ^-j aJL>JI <>Jl-i4> 4- al talll 

.(1-2-3-1 SjjjJI) (T- i) J^,t,tl 




SjjjJIj *l>».VIj iJUJI (Y . l)J^-i,t, 



reversibility ^LSjuVI 

4 jl <r jl s-lj-^J-J 2U ■■•\j< iSj-^-\ 4_JL>. Jl 4_ul JjjI 4_JL>. (j-a 4jJL>. jjJljj (jl j^— i ' a I la * II jl Ljj^=j 
LiUj L_ta»l "-»_' jl (JJJlJ 4_ul Juj^I I gllL> JJ aI talJI (j-aljJ*. Ji^o-Cl! slj^-^M I jui> ^■■^— ^* j^— a I I jLs -4-U-t.a 
J!Uj jl 4_JL>J| ojuk 4- (j ^~» 1 JJ .^yml^-itJl *lj-3-j dljj>.yi LiUj ^^.-u *Ltaill i£o^o JlJI SjjjJI ^yl^. j-ii3 (_$! 
L^jj^=lC (J^=laJ "^ tP^' CjUIj^-^I Lai .( £~ £) J^— 1 u< 1 f_y>\jJ>J\ fjjlxJLa (jyic Jj-a IjHa i La jo *ljj>.2l I juk 

(_pJI cjLJU-«JL2 LiUi (_^Icj 4xmL^=3LauV cjUIj^J (jr «j^j^ ^LLaiJLi Sla-pJll SSxJI <UL>. 4-j-^h" cjI ju»J jjJ^ 

"i? o I f. I j— -> I j-j-^-tj 4_J_u3^?| l_^lIL>J Jj '.^jil 4_l>-jL>- a Jl£.I <_u^j J! ^L Ti_-vjj 4 alUtl 4. t Xa I j . — . ^j 

l_4-4j.(£ - £) tj^=sJ~u t(_^l aj^l c^LilseJLa /—lg 4jLLa^!La '^j^<- 1 i"il- lj -*- V I a Ufe J *i > /— luJuj *>j 1 uLssbji 'I 
4_l<1IjJI 4_tLy«J| CjUIj^^?I J-^= (jfj ila_a^ ^j Laj elj^J-l J-4 ^ ...l^^.'.VI s |j^^| jl j^=jJLi jjJl^- j_ib 

4xmL~=3Lau^ CjUIj^j-J 

: 4_u_uL^=l*j^( I lLsj)j_iI/ (Ja 

i-dl_LA (juuJ 4*iljU,.NIj ^..j^—tl iajlala 4JL>. 4- ^^La ) .<tl^—",^l jjJlJ 4_lUa]I j| ^IjjvV! jj^— j • 

_ ^rv _ 
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4_La^= (jl /— -Lt-<u . 1 Jlj>- j-Lt.LO s-lj^-^l (JM->- ^^ * ''J I'lJ AUajJI <j-U ajlj^>JI 4_»-j.} 4r tiL>"' .jj^"""* ' * 

.ljL>- aj-Lt-i^o 4-c.l2 t_gjl 1 11" 4_La Sj>j)j_LaJU jl a I La * I ] S I La * 1 , 1 SjIj^kJI 
4_dLa£. }Ljl3 ^"i ^L'JLj 4_iLiJL>. J^JJ 2 aJLI i nil da^ i*iitl ' < I Lajj (_P-!! 4_lL<3_<J I oJufc (JlLa <jl LsLiJ ■ fc> -s. \l \j 

2 , ,„1^—.',| 



► V 




tj-^j) 






the state of the working fluid 2m\jjJ\ qm jjUI ^b- 

ejLU i_3jjuj aLtaUl Jlj ,JJS 4.LaTu.t,l 4JaLtaJLl Lajlj p'j't ^^jU~tl 4_jjIj^>JI L^=LXa Lb jj I 4_u/lj.i JtJ£. 

4 i nljjJI Cl->j *-jl_U jl (Jt i*iitl *jl_a-l (JjLi-ujI jL-io jl jLc. 4-LlA (j-Lc ^j ^-i" LajL-Lc a 1 La ' ] I (Ji>-I J e JjJs-jJt, I 

a I o"ifcVI L.A1 ^pJI (j^sl^iJI ^j .*-jUI tiilj L ys\^>ij La iL-uJ 4- J* At I £-jLo aJU* <-3>*3j . working fluid 

4_JaLtaJI t^ljjJI p-^ej>JI <sjlj^>JI <L>.j.} (iLai uaJI ^^ 4jL^jJ,| a jufc IL. 4jj|j^>J| L^3-l«L<jjJI kjLu\j±'2— L4J 

<j-£=u«j (pure working fluid) u 2JL3I J-Lt-JuJI *_jLa 4_JL>. 4- <tj| Jl^-j jJUj .^jpj^lj LuJLu^l < a-lL^IjJI 

a I La * ] I 4_JL>- (J-LLa-l jj ^— 1 i ' 4_t_lc .1 iiil i nl I a ^-» Jh"I^" . ,, a (jCu-iai L>- ;_Cl 4-^j-t.a-l LaLo-l x-iHI 4_JL>- JljJlJ>o 
j Lu 1 ' ^j^— ■ 1 ' V, «La-=e^>-J J9. <iLLaJLLa )«jLa (_yic (^jIIjso j_jJ-II PI aia i ■■»' M^-a^ .j^^alj^KJI t _ y lre-La (j,!^. 4 La 2 * ) 
Jt^ 4JL>JI (jj (.l—p-j . (0- £) (J^SL^i i (jr Cj_Lll /Wej>JIj i La » ' a II (J|r be-La (^yic Ttjisjjs jjb 1 a ^— ■ (1) 4JL>JLi 
(jr -be-La (jr^ 1 4_la2jj a I La-Lll 4_IL»- J-AaJ jj-^auaj 4_lLcj 7^ a! LaJiJI ajlj^i. 4_j>.jJ JljJlJso I JlJ LaLaJ CjJJl^>- 
J^-lj L y±J-£=sl\ LiL^so lj! Laf .(0~ t) J^— u< t^yijiJI p^tjsjlj sjlj^>JI 4j>-jJi j| SjIj^kJI 4j>-jJij .Ui ,^tl 

(2) 4 LallJij LIL>JI oJLjb J-lloj (j^auajj . (2) 4_!L>J1 JJ (1) 41IU>j-l<Tij (_3jjj/ JiAII x^La jla ^Mjt VI 

4JL>- j^Ju (Jjf ' »"t J\j a" i "U aJlJt" i n" ^>^l aJ»J! CjLilre-La JjLs I Jl^=jJ>j . ULiLcu ."t^^-i\ ^jJI CjLilre-LU ^jit- 



)TA 
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ajlj_>JI 4_»-jJij csjlj_>JI <Lj>-jJ - ^^^j-lII /«_3e->JI Cj l_LLre-Lt, I ojLjfc /«_ifcl (j-aj .|_£j_»-l (Jj 4-JL>. £ys , la-Ill 




v T v 

(J-flljjJI (,ilr-i< ,-ifi. 4jU-l!ttJI S-iUI ilL>. (J-LLQJ (o . i) J^ U) 

4_l!LjJJ CjIjLLII JJLa I j Ixi Ja-lLlJI i_£o-J9 aJjl-U ^^Jl ioUl (j£. »jLui (jy jfc 4_l!LjII ajLil .^LuLl<L>. ajLa jl ijJlila 
(j-^aiAJJ <— s iL>J l£J-^J jLstJl L^jL1jJ^>J (jP-II S-iLt.1 /j ^a 3 .uLuL>JI ajU.1 Lai .CjljLiil aL«JI ji_aJL3JI )>_pjj 

r^LliluOULl^LiJIj^LiJI 

.SjUI liilb 4-1-3 Lk!l equation of state 5JUJ! ibL**j La 2jLa ^1^ l£j ^>J c^ 1 " £a}L*]l cSjju 



px v = R xT 


(4-1) 




p =pxRxT 


(4-2) 




pxV=mxRxT 


(4-3) 



jf 



jf 



N/m 2 (jiiaJtl .Ui.^tl j_fc p 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uUjlji*)l (Sic uUuLul 






m 



m 3 /kg 



kg 
K 

J/kgK 
kg/m 3 



CjljLiJI O-iu 



V 
v 

m 
T 

R 
P 



|jl LIL>JI o'j^Jt, 



JlJ£. - ^ j It (jr £.jjS\ &*j>^\ Jl>-jI .101.325 kPa ojJJs ■ ta ♦ i a j 25 °C «j|>>- i>-j-i ^ '*• *lj-4 

.R=287 J/kg K^jL^j *|^ ciljLUI c^>£ (jf ^ 

:cjljlJtl! aL*JI (jjjLaJl a I jiir" i nu 
px v = RxT 



(101.325 x 1000) x v = 287 x (25 + 273) 



,.v = 287X298 = 0.884 »% 
101.325x1000 /kg 



\ t 
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17 5j'j-^>- i^.jjij 100 bar lLjJi ■>« ca! £*•*■ . ..■^—Vl » cALajlt 30 l^"n m t (*\- i) J^ 1 — ui 4-uJul* S*»ljU,„l 

ij>.jjij 75 bar ^J\ Jaji -^tl ^^a^M a Jlj^UI <_)ijj <4- ^L^UI cjljUr IL. ^-^ ,,,^—Vl ^ ^.j^ J ot ~n,il . °C 

.260 J/kg K ^ r ,.,^ Mt oljlill oj£ ii. .e^jL^L^I ^1 ^ r .-.^Vl ;iy=-, ,.,, <r J .7 °C J! Sjlj^JI 



:CjI jLiil aL*JI ^jjjLSjl A JlJt" I n < 



pxV = mx R x T 






m, 



p t xV _ (100xl0 5 )(30xlQ- 3 ) 
RxT, " 260 x (17 + 273) 



3.98 kg 



iru 



P 2 X V 
RxT, 



m { -m 2 



(75xl0 5 )(30xl0" 3 ) 



3.09 kg 



260 x (7 + 273) 
3.98-3.09 =0.89 kg 



J*i» >^t ^j^LiLft / 


5- 


< 


J ni >>i ijjuia 















JliUI :C\- DJ^i 



^ M 







specific heat ;3l£>UI3jIj*1I 

LjJl-Lc L$j i-La_L>JLl .U,..jtl *_a aLLaJLU ilLLfaJI a^UI LJjLuJ ^^Jl sjIj^kJI 4_La-^= ^^ Lul^lII sjlj^>JI 
cCjIjLiil 4_lCj_<JI ajlj^>JI ^j_a (jLcjJ i_l!l_La> .«Jlj>.Ij 4_»-j.i aJI t Mill sjLaJLJ *> l"^-»tl 2Jl>-j 2jIjj>- 4_»- j .} j_<Jljj 
CjljLiil 4_lCj_L!I aj I j^>J I j_<JL*J J .Cy O-JU (0_3ej>- Jtl£. 4_lCj-<JI ajlj_>Jlj Cp O-lL) i l-i ■» La Jtl£. 4_LCj-dl ajlj^sJI 
L^jjIjj>- ' a l"^"a 4_jJLuL>J I CjljLiJI Lai Jaajl LaJl a ajlj^>JI CjL>-jJ l a !"»-»■« Jl-Lc jj^-*-l' jLiU 4lL)L) <Ll!lLU 
■ -i'j-U ^j-^* J 4_lC.j_<JI ajlj^>JI _ £.) (JjJu>JI (jt-JJJ .ajlj^>JI 4_»-j.}j i Laj LaJl j '»" ) 4_lCj-lJI 

CpkJ/kgK SjUI C p kJ/kgK SjUI 



0.45 


JljJl^kJI 


0.9 


ao_j_Loj VI 


0.65 


4jLuj^>JI 


0.386 


(j-uLfcJJI 


1.0 


,!V 


0.8 


E^l 






4.187 


,U! 



25 °C JlLc -iljil j^«;t Lui^iJI ajlj^>JI - £) JjJl=- 

R jL iJI O—lU /<> ■*■■>!! Cjj—iTl) 4_lC.j_lJI a j I j— >J I J lLsJI i a II Cjj—iTl) 4_lC.j_lJI ajlj_>JI (j"*— > c5>-^' (_LiaJJ 
LajL 4JLa-Lfla jLc (_L^=J O-iL) ' ua )| J-Aj k j_aj_JL Li j_aj_jj 4_lC.j-lJI ajlj_>JI 4 1 1 u m i_3j_*j I o g-LiJ 4 i i nitlj 

.C v 4_a-L2 (j^a J-^=>I LijL Cp 4ji_l3 (jV LiUjj Jl>.|j (j-a jj£=s\ 

Energy '^LiaJi 

.4_JLiJ3_l a jj i a ) iJaLLaJI i_ajj_*J A_ 4-l_a.t.Lg> dJLui Jj, ^- — ■ 1j ^ullll {_ys jju^=s! LJ3j)j_ta 4j9lJaj'l aj^jLo jJuJ 
j it\ La I j*" ijJaUaU j m La^a 5_Lc cJLuk . Lj-Luu CjLu/LJS «.Ijj>.J 4 La ■ ul a ■) Lkj_)jLa3 ^j^— » i ) 4_uj/LJS j^^-i lt^- 3 
4_ajjJa J>j^>-J ^j_a J_j^( I J*^* ' 4_J3LL> j ' '-^ * A^Sjjuz _Lic Jj ^— ■ ^ . Jl_*j da I ,".",^l-.l VJ_, ^J La Lg-Laj i_3j)j_ta 
^j_a I a-Ja <>t— t-u ■ j a ^^^j^LJ /- i u-t-a >J 1 4^1 LaJl jJ-La^a (j na i"itl j-jIL»jj .^jL-uj^l 4^^L>- aJljso a jj < -^ 1 I gJLa^elij 
oLU Jjj ^— J IL. aJ>j-J*.j-a 4_iLWIj ^ mi-lUI LLa_aj^^=JI p-Lt miVL ^j^>JI (_3>LiJI J -1 LaAJI j; g 4_iLLJI 
JijJSjJI plj-JI ^4- SjJ-^-jJL! 4 ■uL-a-L^aJI 4_SLLaJL2 .4_Jjjj 4_ul_La_L^= Cj^LcLaj 4-La mljJ Lib^J^so ^j ^— > i 'J 
r-LlJl ^_ Lg-La a ^1 aj ■ u jfl (j ^"^ < ' *Jl>- ** Lr^" 3 *" Jj La->J I a L^j3jj>- ^j ^— » ^ ) (jLc. </«_^-S <d<_jj) 4 A I" £e I , I 
4_jjUI Cjljl_»Jaj>JI f-_aj_i j_L4J tcjj Lll I jj£. j . Lfc^t£. j CjL4=j^>J,Ij CjLLupJI jjJj ^pJI 4_^3_uL4=l : J,I i^LWI 

.sLpJI ^\^ 4^L^= ^_ LJMJlI^Ij OsLUJ (jL^M >_al ^'i^L 



^ it 







■ 4-ujtx 4J2I i n a La Sjji 'L^=)^rs. <L3c_uj jjfc Li ^— » J )l ^— » j a 

heat 3jl^*JI 

a I la * ! I (j-\_) *jl> J> '-" CiLvjJ 3j-^ ** T-" *^~' f^ *a * ^ -^3^^ J-i-^- * ^"' * ^ <LJsLLaJI L3JL1 ajlj^>JI i_ SjJtJ 
^jl a! iii^-^U (j ^- 1 ' Vj .2jljl_JI a! iii^-VI Jl 4-c>-1 mil a! in^-^l (j— a 2jlj^>JI (J-SjJjj c 4_1 A-kajJsJkl 4_jjjJIj 
«.La 4_J *LJlj pi t.^;^— ^jt.1 (,it| jjjjL^-LII ^j_a 4_*laJ9 }LLa LJl>-I I jl 1 La a£ aJsLLs i-lUTloj Lg-i^aJj Sjlj_»- (^J^><J 
4_*Ja3 x—iiaj LsJl-Lc (j_^=Jj .Sjlj^>- (_ r lc (_^jJL>J 2 (j* al kill I ^j_a (_£l (jl /O-JL*-) (j^><J <LI Jl-l9 -j^>-I j*I V*'^— > -SjL 
4- (j'j-j' ^ jJlj> ^ O^ (Jl -^jW *^' (Jl 4-c>-Lia]l <j-uLx_L!l 4_*JaJ9 ^ JZuj 3jlj^>JI (jU3 *UI JiJ.} <j-uLe_L!l 
CjL^-jJ '2— 3j-^ ^^3^ ^ ^^ 'jLh* 1 -" 4- JL-2jJI ^ jJlJ> ^ ^ 4-LaJiill ojufc JtJ£. (ji aUaill (>u SjIj^kJI CjL>-jJ 
(j_a a ^jj LaJLI jl 4_Jlj_tl 2jIj^>JIj 4_L>-_aya Qa ^aj La pi tail Zj&\ uaX\ 2jlj^>JI (jl i_3j_*JI i^j-»- Jl-2Jj..SjIj^>JI 

work J*2JI 

( JJi ud\ . I a p 1 aa. x La j j.i_i_tj jl l£J Jj **■ ' 4r i -r u "^ 5 3—^ iiJl i-& ,jj ^-1" La J 1c ( JJi jjl CjJ ->j 

Sj_2JI <_)j_»is J-usL^ 5-&J .i-Luca 4J2I i n a La /<w-uj*- lLLj^><j A_ {*)*£■ Jl 5j^ '- ' ' 1 < "n Lajilc i"<J-».j /-^3l-L)L^3l-uI 
(j^a ' ; 4 '^ lLL^jso (JlLa (JL^a-iil a JlC J^l-J JjiiU Jt Mitlj .aj^JI <>L>JI i^_ p 1 n^tl 1 j ^— -j -»■"_' (_^JI 4^1 1 nil <|_ 
4- c-c-liLVI 4- -Sjl—ill *UI tlLjj^o jl SjL-uJI 4- (3-^J-^l Jj-*£- ^Li>^*J J^ ' j-^-T J I jL^=ua (j-a JljJlj»J! 
JlJ^j .(^j^^aJI J j-t^aJI (J^Li>. 4_uLj^^=JI 4 i-a- cuJI LiLjj.^>oj dll Se uaX\ 4Ja 1 uljJ *lj«JI ' ^^^^~-"' CjLJLa£. 
!«_aj^= LaLjj L^e-iislj ^)J^~" » ' (jl ^j^~* < 'J V*"' I J 1 -^ ■(J'J :> -^'' (J^ 3 4- L > t j-*-' <— 'I u)l> "I 4- '- ' ' ' ""' ! O' (J* "" ' 
l£Jj_^jj La JlJ£.j .(j^I (- 1 1 uL>. aj_^=l j 4- Sj-Lt-i^ji 4-Ise i"i lLLj^cj^= LaLjJ 7c_iis Ij j-<-C jl JljJu>JI ^j_a (jLtlal 
j-lThjj a I kil!! ^.^-ig ^ t mi J_a-tJ Lia-i jJll Ja mjJI (jLa I $Ac J_a-<3 (jP-II 2j2JI ijLsol 4- c3-^' P ' ^ - i J jL:> ' 
Ja mjJI (jr JLl M i mi (_La£. (^JlJI j_4> aLtaiJI j| Jj ai£ rjL>JI Jl JjJlj>JI O ^- j «-" I jl Lai 1 Ll>.j^ M t ni 
2_a^ (_^^( '*- =6 tH j ^ a J ' ^ -ij J^>- (Jj^l^iJ (_jjJI 4^LIaJI 4JI I i>» J jt i"itl CjLfljjju (j-aj . LJLj/ ^LLiIu jjjju j Ja-pJkl 
(J^Li«. Li!j_3elu 4_LLt.a 2j-5J ^al £=a a ,_Lta Jl Lajl J J t Mill JJLkj (j) (j ^-1 ojj ajlj^>JI CjL>.jJ 3>^ J^- l5>*"' 

.4_Luca 4J2I 1 11 a 
(J.UJ ^— a *^Jlj^ L^JjIj^- i>-J-5 f La2j^ Sj^uJ 4JL^ax!l 4- ^JLLJJI ajlil JiJl^jj (V - I) J^aufuJI (jr i^ 

.L 1 s JiJi^ta iaL^a J2l!l «^j Jl mJJIJj^ fjJ2fl 4£.jjj^ta ^.ajJ mJ JJI (aJLkJI Jufe 4- pLta-^l ) r Lilt, I 

_ lit _ 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 





t^ajJl^ajXI JiAJI (V . 1) J^aul 

P j_4 (A - i) J^— luJ 4^e_iisjJ,l (jou ^—t.lj 2MjU ,„VI 4_a^Iila '£_ 4JU mi II a^UI 1 La ♦ 1 a jf ^ajei'A 
'£- O-t^J 4_aj La ! t, I (jl Jj-dJI (j ^~"1J PO (j-aj; ^at P {j\-^= I ij Po J-* 4-ajk'U Jj^>- l£^' >UihjJI JaJt-iisj 
W ou t -J 4J j_aj_j (_^-jj3 (JJiji J! (^JiIjj JJljjjj 4JI t Mill a^m ,jL3 '^>l£■J L^J iLa_pJll iLa 1 ufrll *-d ul)-^ 4-5L=*- 




LT" 



xj^aLuJij^a^jiLlI Jt i*iitl (A . £) J 1 '— 1 ■"■ 



4_I j_aj_i (_J1 1 n (Ji i"i ciLIj ^j_C pyJJJjj 1 LaJI LJaJu 1 u 4JI t uA\ -iU.1 ^jLS Po (j-« j-i-i^a I p Cj-)L^= I jlj 

.tJruJLHI (^ydL^aLAJI jJaJl .W;, 



iU i^l, I 1 Us , n a] I 



iM 



^j",p all AS ja. 



■ u 1-^1,1 1 u , .ijil 



-UijJI 



(UuS-aJl AS \a. 

(!.<\.L)J^=ui 



> it 



4jjlj,a)l L&mLuJJI 



JjJ > • 1 






electric work ^j^aJI JiAJIj displacement work i^-ljVI JJLii L^la JiAII *taV Jj>Io 5 Jl£ - ^Ll* 

.shaft work jij^wdl JJuij 

displacement work: fc^jVI JiA 
w = F x dl 

(j^aJj .(Jj JljJII Jt ilit I (J7 -<k Wj F SjJ9 j-uLj i^tjlij ^r^*-* 3 (0 ■ "> L^*-" Sj <_jJ-tl 4^1 i ii tl (jyjb dl C-'tP- 

F = px A 

,4-a.l i. ii 1,1 (—4 Aj Jai <>»tl jjfc p ii.-L>. 

: i ^\ nuh ( ) it j UJLI 4- p aJ^Jlj F ^£. L> iajjj«lJLi 

W = p x A x dl 
:dV Ij^juua <L>.ljl J^L>- (J-t-iUI SJjUjs ^1 Jj^aJ dV /«^ij»JI i4->f*^L> dlxA (-jj-^ J-i^L»- £>£. (^iajjjLltLij 

dW = pdV 

: jjk * _ £) J^-i ill 1 1-2 «.lj^»-^(l J^Li- J * i"it l (jj^-ij (<u (j-*j 

W = j"pdV (4-4) 




S*.ljVI Ji&O*- 1) J^-i.t. 



^ £e 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







iLlall! Jj 



.jLjjjs aJI j Jt ilit I (jl (^1 .J* ilitl tlr4i-*J ^j^— i ' 4JLa ■ La » < ia 1 1 j a^>JI ^r^ 1 SS^L«il o3jx. lit 
:<uJLl!l JaLSiJl 'A— 4j1 i1"<tl I jub j j^jj J* ilitlj «jlj^>JI ^u 4_il ill" iJJLufc 

^jl^j-tJ 1 q j I ^3 1 J ajlj_j>- jl ^t t ill i-lLlTLO-i ^? at LaJLl I .(jl_Jj_lLl (jLisLLa J* ilitlj SjIj^kJI • 

.4TJL>. ^>>3 a I La * ] I j • » ' Lajiic 
.<U-}jJl»- CjLJsLLs (^yjk Jt ilitlj SjIj^kJI • 



*ulflj?yija221£itlJi*Jltlj3) 



constant volume process :<«^JI ojjS * 



1>H 



( U 



4J.iLsd.L1 1 j'<* j;«j A-iLa-tJI aJJb 

(4-5) V =c 

.dulj C <i.<-p« 

£) J^~- ifgJl (j^a Tciislj jjfc I 1^ «_3e->JIj i La » I aa 1 1 ^^ylre-Lo (_y-^- AiLa.*] I oJuk jJljJJ 



3 A 



2 f 



ku» i all ejU) 

v=c 



Vi=V 2 =V 3 



V 



l^^a ^j 



U 4_lLjJlII Ojufc 4JL<3JU I^JlII (Jt (*iltl ^jLs I J fljLa (_gjl I 11 t dV (<U3E^>iJI ^-J-IaTlII (jl <*twL>.J 

2 

(4-6) W = j"pdV = 

1 

constant pressure process ;,u«,Ml a^ *!j^f .Y 



• d^ 1^1 t»lj^^l I JUfc J>Lv Cxjlfj cLaJLu 



(4-7) p = C 



^ in 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 



( ^ Y~ £ ) J^— i utj\ £yz Tciislj jjfc I o^-» /«je->JIj i La » i ia ] I (-Ire-La (_r^- ^-iLi.*] I 0jui> jJljJJ 



Pi 



Pl = P 2 = P 3 




.JaU.^VI aJU2_V 3 J\ Vi (> j! V 2 JJ Vi,>8 jj^UI ^U^_ ( w^>Jlj^L.*lj^)?l lJu»»^ 
(4-8) w 12 = [ V2 p dV = p x (V 2 - V 2 ) = + ve work 



w 



13 



r v 

I 3 p dV = p x (V 3 - Vj) = -ve work 



:Jli* 



JJlAII <_<-^o-I 1 0.5 m 3 fjl <A^s^>. J .^j c^ 3 " "^^ '^* '^ Jl -^ JJl -^ 2 bar 4-Lai -^j 0.2 m 3 4_$j>t». jLc. 



W = jpdV = p(V 2 -V 1 )=2xl0 5 (0.5-0.2) = 6xl0 4 J 



^ £V 



4jjlj,a)l L&mLuJJI 



i^j > • 1 






isothermal process. Sjlj^J! i>jjo^ ^Ij^l r 



(4-9) P V =C 



.O-lL) (_gjl I n" C («L 




_^fc 1-2 



VI .( ^ V - £) J^— i ilJI ' l^-j^o jjb I -i^-" 1 («-3t->Jlj ' LaJ> LtaJl (-Ire-La (JLc 4_jJUjlII tfjufe jJljjj 

t^yJbJL^a ^jLUI JiAJI <_jL^>. j^-v lLsLLl^jI *Ij-3-I 4JLa 1-3 *Ijj^VI L»l jj^j 



w 



rV 

L-pdv 



mRT 



AjJIjII dlljUJI 4_J.iL*_s (JJS (j^aJj 



V 



'.(^yjVI /tli-y JaAi^aJI 4_a_iS (j£. J t ifoJI 4_!.}L»_a £_ (jJaJjJLjJLl (jjl 



: dV 



W = mRT J — = mRT [in V] 

v V 



(4-10)W = mRTln 



v, 



^ £A 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







0.4 



J- 4 ^ 



»jlj^>JI <L>.j.5 Cj^-iib -iJ^j 27 °C 43jlj^»- ^>-j-ij 1 bar tdaixa j 0.2 m <L*^>» *!jjk 

.jiIjaVI I jl* <j-a ^LJl JiAJI t_<^a^l < m 3 



W = mRT In 11 



PjVj = mRT 



JjVl jLUI <JUJ ciljUU aLJI j^UJl a-j 



7, 



W = p,V,ln^=lxl0 5 In— = 69314.7 J 

' " 0.2 




'3 v 1 "2 

^3LLjjVUI>>.yi (U- 1) J^iA 

adiabatic process ^^ojLLjVI *1j^)M .1 

4 -U-u I J ALkilll (jL-i 3jlj_>- (JLSjjI Jlj>-jj z (-JlIJLij LaLa-i <Uj)j_t« 4_lLwlII oJuk jl «.lj_».2l I Juk i_3j_*j 

.JJLiUI LiUj J_4J«J aJsIIo (j^a Jlj^Ls ^JbJLj >LLii J-«-*j 4JLa aJUj«JI ojuk J>L>. aUoIJI j>Jl*j li! .<b SU^-wt | 

j-La i a a a I la ' 1 1 jLs 4—ile, >LlajJI JJj (j-« 4_LaIla 2jlj^>- tiJl—Lik (j njt 4JLa iLt^auj LiLj.il 4_iJU_s<JI duL^= Lt,j 

,U1: ,^;VI 4JU. 2_ Lai aI k'tl «jlj^>- L>.jj> 4- ^ aj. JJ i^-sj-j La.4 a-lL^IjJI "OjsLU <j_* Ji_iiJI J_«-«J 

(_3a_u< aLIs-LII LiLL jLa ^LlILij aI talll ^^ }U_ii J-<WtJ l£ J-ll J-<k ila.; — t I ,U,,,jtl jLa (^^sljjLiLjJiVI 
«.Ij_>-^(I I J^-ik (j-£- j-L- 1-1 (jl (j ^— I 1 ' .4_Jjljj>- 4_»-jJ «_flJ^J (^jJLjJLij 4—lig. (J— aX. (_£JlJI (Jt )*iill jl ) SjC-1 Jl-JJJ 



> H 



4jjlj,a)l L&mLuJJI 



i^j > • 1 






pV k =c 



M' 



-iy v = c \^= c 



V 



■k + 1 



c[vt k -v;- k ] 



Ij-jLujVI «.Ijj>-^(I (Jt ("it 4_uL^lII aja LtaJI ^J\ J uaj C OjOJI 4.<vl3 ^j^l ^J-^JJ*" 1 ^' 'J) 



(4-ll)W = 



g^ - P 2 V 2 

k-1 



:Jli- 



Ijl .<jIjlJI 4- r.l ^U ,,. VI (< ^ ?1 ^ ( j_ a 0.015rri Ji-Aj 1.02 bar Jai-^j 22 °C Sj1>-^ 3-^.j.s JlJLc. *Ij^> 
; . 1 '■ '-> ' 6.8bar ojji-a lLJI ■ >» JJ ^-j ^— a 4-La ml^j i-i^aLjjLjjIj ^j ,„l^—.M 4_tLvc J>L>. *I_^JI 1 j^b , U ; . >» 

.1.4 fljjH k JlJjoI -*IjJI (jric Jjjwd.1 J* ilitlj Joli uaj^M jljAa ^^ 4- C*-*^' 




1.02 bar 



> V 



JllaOO-L ) J^=u 



pV k =c 

Pl V, k = p 2 V k 



ji! < a_i^=_uLjjI aJLwlII 



(jl (J-LJ-4J ji 



1«. 



JajljJISi^l 




J >J 



^ . ^ 



}jl>l!j uUjlji*)l |«k uUuLul 



v 2 






V 


1/k 


Vi 




^P 2 y 




v 2 


= 


V 6.8 J 


1/1.4 


0.015 




v 2 = 


= 0.00387 m 3 




PiV!-p 2 V 2 



12 



k-1 






Wl2 (J-* '"'" <— ll i ii">t 



W 



10 5 (1.02 x 0.015 - 6.8 x 0.00387) 



12 



1.4-1 



- 2754 J = - 2.754 kJ 



Ja Li tiaj I (J* i"i (_L< i"i 1 1 (j| Jl 4_J1 i ii ll ojLifu 2)^ i i"ilj 



Jj-iyt-U J * ilit I i- i m->-l ^'"^ c ^- <> - g (J^L=*- ^ajJaJi. (OJe^kJLi ilaJLuaJ I 4Js}Lc ( \ *\ - £) J^ 1 — ifuJI Tciisjj 

. ttn sjjjji j^=j jiuUij .a^isji ou^yi ,>» *ij^i j^=j r Lt^i a^j^ 

:4 U iiiI^j (.yJajtj Wj2 J* il'tl (jLs 12 «.lj^»-^Lt 
w 12 =-x(5-1.5)xl0 2 x(0.15-0.05) + 1.5xl0 2 x(0.15-0.05) 



m> = 32.5 A:/ 



w 23 = 1.5 xl0 2 x (0.15 -0.05) 



w\ 



15 fc/ 



32 



13 



4_lL<3Jd. 



4_lUj 



w 13 =0 



12311^= SjjjlU Jk£l\ 



)0\ 



4jjlj,a)l L&mLuJJI 




i^j > • 1 






w 



w 12 -w„ =32.5-15 =l7.5kJ 



1231 "12 "23 



(,UU ,^'»l) ilibiJI (^yic iluJI aU,,,lj» Jj.q_t.fl <__JL_. <JJl__j W23 J i Mill (jl iika.V 




(JLl«JLI (^y^tju-isjj (0-"J V ^ - W J ^~i ' 



>«r 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







First law of thermodynamic 



<ujdW 



«.Laj a Jl^iLJS jj_C (_^aL>. j-lj_*3 J-&J a alaieJU CjLJsLlaJI £y\-i <LjjIj^>JI L^=_Lfll_bjJL! <Jj ^1 (jjJLSJI lLj j\j 
jj_a lj u ^-— >Laj i •■_' .j-^>-l JJ J^~~ * '"■• (j-« L3L&JO ^j^— 1 1 1 ^j^— i Ij CjJl^t" i oj ^?j (jr-<-^ 2 A^LLaJI (j| (_^l AJsLLaJI 
4_Lc i«t-JjLj>JI Jtl£. <LuaL>- *I_4*JI L-L^L^aJj AJj^lIlj ilajtlll clsLiLulaJ £_ AjjIj^kJI V^s-la Lb jJLI (Jj^il (jjJLSJI 
£_j_jAlJ| (^gjl ,„" aUaill (j-a a ^9j La 1 1 ^JsLWI Lg-La I a. jj La a al LaJiU 4^1 i>iU AJsllaJI 4_^LLaJI '£- jlj't ^— 
IjJ .SjIj^kJI ,j-a 1.17 kW ^ LaJLJ O-j) (jLsr u* 4-La ml^J La Jj_ La IL. 4_2j_C. 4_!L9Ji3 *j_j MlLa. *l LaJLtl 4_£LL 

^jJiJI JiJ-i ^J^*>J I jLa .1.9 kW Jjulaj iajJiJI rjL>- JJ JZLu «j1j^»JI c^JL^a 




jLa-f.fitl iLa-uilaj i!l9JuJI Jlila _ £) J^— ui 

:<jl Jt^o SalUtl jjljJil 4JLu*aJ 4jjIj^>JI L4=Lxal_bjJLI Jj^/I (jaJdJI Jj-ulalj 
t^loJL-j < iajJiJI AJslla ^g_jaJtTj| ^gjl in" A^jJlII (j_a » s Jj La 1. 1 AJsLLaJI — ifijJii! iaLiall iJsLLaJI 

1.17 -1.9 = - 0.73 kW 

*_iisjJI I jufc 4_>JL»J,j ^LlILij (j h a he '" i^jJiJI 3jlj^>- <^>-J-i Jtf j i u 4-2j-i-JI ilaLLa £_ ( _J i ntl j-iATlII (j| Tcii I j 

.730W (_yJlj^>- Ldij J^ i-taLiaJ aj'j-3- ^j-i^-— I a-^Ja.^ j-^-T <jlie-i-u A^Lisj <j-a JljV 
a I Laj ^1 « '^ Ijl t^yJLlI! <_L4=iA!Li 4_Lc jjju (j\ AjjIj^kJI L4=L^al_bjJLI Jj^l (jjJlilJ J 1 ^ aJ 1 uajl 
^j_a m flj i "t I JJLiuJI ^il ,^-s-a ^jl i n" a I IJ«*lt ^'iaI uaJLI ajlj._>JI A^j^lXjh {Jl£ 4jLaL^= ^JjJ^ t ,^~' J"' * ' S J ^ '"' 

IQ = IW (4-12) 



^«r 
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:( V-DJlla 

jliejJI tjLjj.u Jj^«-a (j| O-4L1 I jl V - £) J^— ui 4-JLl!l jLJe-JI <jt j la * a (j-a iLaxmXI Wj J«u,itl i.imi->.| 



1.421 



*S, 



sec 



SU.^ all AiuJ 



Q, =2800kJ/kg 



W 2 = 5kw 




boundary 



Q out =2100kJ/kg 



jiiiKw.oj^vi 






£e = £w 



2800 x 1.421 - 2100 x 1.421 = W l -5 



.-.W, =700x1.421 + 5 



W, = 999.7 £w 



>«£ 
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First Law for a non-flow System: jiMfkUtt^l&jjljaN Li^LjjiJ j/tfi j^JLall jgkj 




^^ xal h N j^/' aIJqJ i_£l « Jaa. I jj 4Ji 2jj|j^>J| L^=Lxal_bjJLJ Jj^/I j^Jl all 2JLl ..ill ZJujloJI 4- Lij^aj Jul! 
( _ ;r Ic »\ IaJLll Xla '-Ij; JiJ Jl-Jl! Ji Mill 21 uaaeja ^gjl i.il a I tail] 4^1 uaX\ Zj\j->J\ 21 ,^.->a ^jL^ 2JLaL^= »JJJ^ 
i-ulj^j^l >Uaill 4_uljJI aJaUaJ! jl (jIju j-Aj (l _ ^ A - J^a-JLJI 4- ~°J3^ ^Lsejisjj La Ijufcj <daa» SljxJl 
(j-a 4_Cjji^a A-jL^J 4- (^Liaii! A_ul jJI 2 alUtl jj ^—~ LoJlJC (j^aJj .A-uL^lII a I to * U 2_u| jJI 2JsLLaJI ^gjl 1 n" 
21 uajSaA (jj_S 2JL>JI tfJLjb (j »'* (r _ ^ A _ £ J^U £, ) L^IjIJlJ 4_>lialiJ 2_ul jJI 2JallaJI <j-a J-f^=1 CjUIjj>.VI 

gain in intrinsic aI tall] 2_ul jJI a_^LLJI pLiljl <j_a talj jJs aUaiJ! ^^ Jj-a-t-U JJlAII 21 ,-^^-^j Sj|j^>J| 

tjjtc^^-'w -energy 

aLlaill ^^JLi Jj_a-t-U J-t-t-'JI 21 ,^— ^ + 2 j , „~,^— tl 3j|j_^>J| 21 ,^ — ^ ^jL^uj 2_u| jj| 2j9l_LaJ1 4- i_j ...^tl 
,jj^~~ 'J i " a ** LajjJtl 4_!Lll! I J I a! kaJJI ^j_a 2_SLLs (JLajjl a fr Jt i*iitlj 5jlj_>JI 4 I tasaA ) Ul " ^j *— i ) LajL-Lcj 

.loss in intrinsic energy (<_s _ ^ A _ £) 2_p| jJI 2JaLtaJI 4- jJi3 t±!Lub 

2_SLLJI ja-j-uLi i-3j_*j 2_u| jj| 2_iLLaJI jLa (j_a^=_^ 2JL>- 4- 2JLi_iiJI ejUtl jl al k'tl jj ^=3lJ LajL_Lc 

ejULl (j-fl a!j^-jJL^= J ^=aJ 2_lL^IjJI 2JallaJ1 2JL>. 4- U j-ajJLi LjJ j_ajjj internal energy *Ltail! 2_lL^IjJI 
^ ju»j*j j>lU;lt iJi.1 jJI 2JaLkJl .(J, kJ) 2JU_JJI SjUI 2±^= J^J 2_Jiw| jj| 2^Lk]l 2JU LUj (J/kg) 

Jaj> i aa ! la 3jI^j>JI <Lj>-jJ JiLa L^Jxa a I la * ] I ^^^al^*- ^j^a 4_u^aL>- /yjbj .3jU,l p3-i_J ■> 1 I J» * T I 3j|^_>. <L>-jJ j JajLiia 
JjVl (j_aJLdJl ^La (3_liJLl aLlaiJLi al talll (^-a— i-uJ jj"^ ui 2_ILa- 4- aLIai]! jj ^=aJ LaJ^_Lc .2_ali^=Jlj 
4-J-<-*J-I' t^gjl i n" /-^3 4jal Ljjiayaj "■ «.lj_>-J (^2 (Jj i"itlj ajlj^>JI 4jLuarta (jl (_yic (_>ajj 2jj|j^>J| L^a-La Lb JlLI 

.aUaiiJ 2_J[^|jJ| 2^LkJI 



^ 00 







Ij^i-a l5j^^ ^-j^" aJi^=JI - iliJjJI ^i"^— tl 

|j ii'^> (_gjl i uJ (jilj i "tl AJsLLs 

:<^VL^= J.LUI -^ t Ta. : 1 1 ajjIj^JI L^-usLujJL! JjVl ^LUI itab-a jj^" 4.JL-. 

(4-13)q-w = Au 

.(>Lta *lj^J J}L>- 4-lL-wIjJI aILLJI jg_J-j*^l (jr 41 Am *-^P- 
L4=i-Lal_<jjJI iL. ?7*-lj-^l p k«* IL. (j-ii-a j*L-IaJ^a TJ-tj-C La lj_u_^= i^JlJIj aLtaiJI I jiyJ JL1oj-lj>.J 
jl CjIjLl^oJI Cjl_Lt^=La '2— J I A_JjJpJI .UA Ij ,>.!! £_ jl ^— »|j 1,1 ^j..j ^— tlj SMjU , „VI a I taj j_a> 4Jjlj^>JI 

i l!~=3 L&v-lC 
(Jj-a-t-a (Jjl i"i i-l!l_Lf4> ^j ^— » ' (j| ^j ^— » i ' Liiajl < <LaLiixa jl a Sj 2 a a 2jlj^>- 4_I ^j ^-." (j| ^1 fc»*tl | jlJ > j^-» a i 

.AliajJI (jr Lc <LujJI jl AjjjJI (^yic ^ajJa-cX I <Lta --Ij; 

Jlj^jIII *U « N j S a 1 . 1 Sjlj^>JI duL4= li! .UU.^'.VI Jeaji '£_ Jj_jj> tl!j^>Jk 4_JiJ jJI 4J9LLJI £_j_L*lJI c.o.fi'ol 
.Juii-UI aiI a JI4.(jljL2a ( >t ..,,„ ^(jl^ 3 lJl U^j. 90kJ /kg ^u^l ^ JjJuJtl JiAJIj 45fc// ^£ 

g = -45fc//&g 

AjjIj^kJI I^-' j ;^I * 1. tit (Ja2ll (jjjLSJI (3-uiaIij 

g - w = Am 
-45-(-90) = m 2 -m 1 

45 = w 2 -u { 

■ 4-d.^ljJI AJsLkJI '£- '.■■•■^■^ 3^ cP^^ 1 J S-^J-* <ula»|jJI £aLtaJI I|_j-L«rtJI (jl 7t <>i"n 

- \o\ _ 
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<jL^=9 OJumJI uL^U^il. 200kJ/kg UjJ^aJ^Ij^LUj jjl£]I uUj^ajIju.^ 420£//% UjJ ^ 

° JJlaUJI tlaj i"i s-Lul <Laj La * 1 , | *> la i "'J.' (Jj-g-t-U J* i"itl 

^ - w = Ah 

4 -100 = (200 -420) 

# = -120fc//% 

\20kJ / kg ^gjl I n" AJljUmVI (j^a eJ_aiAJLl ajlj^sJI 



»UiUI 




JjJjsJI 



pi _ 1 ) Jli 



^«V 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uUjlji*)l (Sic uUuLul 






100 ,U;.>.j 300 K 2jlj^ i^jj, ju£. ^ijjji <>a 0.2 kg ^ <\- i) j^-. r„) Jj>* <j!>* t#>^ 

lu„-wI .*l^i! 5 kJ Ujj^ OiLLa jin^ paddle wheel ^ijj oli a^c o'j^ 1 J^> ^ jj^ kPa 

(0.7165 kJ/kg K *I^U cv te.) .*\^ cr^l^\ .U;.Mlj Sjlj^Jl ^j^j iJi-UI ^LLJI 4^UI 

: jliil ^UiiiJ JjVl o>iL^I i3ijK'J V i) J ^-..1.11 ^-jJL. 
g-W =A£/ 

Q = <jLa <ulg, alial!! fj\j £y» »jl>>- JL^Jl ^j^ ^ *^^ ' 1 t^ 1 JjLh" u'j^' 
- W =AU 



:.-(-5kJ) =AU 



.5 kJ ^b idil jJI aILLJI 4-xiUI o'4 



[/,-[/, 



Ltla.|jJI SalUtl a. ua^i g]lla> jl'o ^ / tl-,tl^TT 1 j^ J ,^u!TT 2 jf ^f 



2jl^>JI 4^»-jJ < ll i it~*\ 



AU =mc v (T 2 -T l ) 



5 =0.2x0.7165x(r 2 -300) 



T 2 = 334.89 K = 61.89 °C 



:A_uL^lJ|j a_jj| J^j^I ^QJLsJI IL. 2jlj^>JI Aj>-jJiJ daJLIaJI (>_l i-JllJI 4J3^L*JI frl'mnl 



100 x 



Pi 

^334.89^ 



(t \ 
T 



300 



= 111.63 kPa 



\ jyjyj j 



SoK 







( <\ _ DJliu 
lil .95 °C J\ 15 °C (j^a 1200 W 43jjl u-}j-&^= a 1 *— *^> ,„|jj ^Li L^Mi: a. *UI ^ 1.2kg j^itj-Lj 
La .4.18 kJ/kg °C *LJJ 4_ui>JI SjIj^JIj 0.7 kJ/kg °C a_ui>LJI «Ijj|>>j 0.5kg ^LiJI j,Ij_> il"^-, cJL^= 

■ ((jlir i n'ltl *l_<j| ->L-<JI LfeJulflJ ^_jjJI 2jIj^>JI (J<i fr] ) .*Lil tJ-LJr i uJ (<ilu (_y^>- fg •}) j '~ l * 1 tjLr i nil <J-«W1 2 Jua ^^^ 
• jlj-AJ 4-JjJj.ll SILLaJI 4_jj*l!l JLv&Jj i La a£ *UJLI 4-tla.ljJI SJsLLaJI jg_j._tA:JI i_iLojkj lILjLJ jjlJ3 

GUI + jI^JI j^ 5JUJI ajj» '2- ^ LtaUl) tjiiil ^LkHI ^ ajjIj^I L^=_usLbjJL! JjVl o>iL^ Jfeh^» 

e-w =ac/ 



2 = (mc v AT) w +(mc v AT), 



teapot 



Q =1.2x4.18x(95-15) + 0.5x0.7x(95-15) =429.3kJ 

J j-L^o 429.3 kJ ^llacV j <GLis (1.2 kJ/sec jf) 1.2 kW <G,j^ ^JJIj ^j^tl <£ituu]| j^M 

. ... . 429.3 kJ . 

t ( o^y* ) = : — 7 — = 358 sec * 6 mm 

7.2 *y 

/sec 

• i La la s.U.1 jjfc a 1 La ' 1 I (ji Lj^jlcl jJ 

g = zl£/ = 1.2x4.18x(95-15) = 401.28kJ 



, ... , 401.28 kJ OOAA ___ . 

t(a*JI ) = — t — =334.4 sec = 5.57 min 

1.2W 

/sec 



^M 
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(^jL^uJ aLLaill Ji-JLJ (Jil\ aJiULa *UaI?l JaJj 21".^-. It p'^Ulj" tlUjjfc ^^uJ <Lj| al_Lt.a j-SlmXI j»LLai]| 

a I k*' (^Vj 4_iLa 4_lLij 4_JsLLaJI *l_aj jijJLa J- 4 4-Jj1j->J1 L^=Lxal_bjJLI Jj^l (jjJLUI (jt ljj^=ji U^= 
4^>.jl_>J| CjLaLLaJI pj_<iita ^jl 1 n" a I La ' 1 1 4_L>-I jJI CjUaLLaJI pj_«jSia (jLa ) SH 1 ■ ■ *j 7-jIuLa ^^— lxa\ ' i *j aj "' 

1 Li> (jl I ILl>iJ j La .j-Sj u±Mj y-j IAa /—^aujal LOj^_u a! ksj ( Y * - £.) (J^= ilJI 7t ^J^J ■(*' LaJul £j a 

*-jl_U (j-a 4 l"^-»tl (JJljJ) jJ.LITlO-1 .(2) « La-fli,! ^j_a jrj_>ijj (1) » LaJU, I JtJ£. (Ji*. JlJ La *_jLa ^j^a I Jl>-Ij La I jj>- jJLl^= 
4 alUtl CjLaLLaJI oJl-J i al tlaj Jaj uaJI iJaLLaj 4 ^—j^-tl 4_JaLLaj *_iis^l 4_SLLa I qIa 4_aLlaJI jj-a f lj-jf s Jl^. 

plfc»;lt Jiilitlj 5jlj^>JL^= u£>>-l CjLaLLa (_ya >J-Laj J I i_aLiaj Laj *-jL«JLJ 4_lL>-IjJI 

tpliiil] ililjJI oLaLkJI 
.ui aJL^IjJ! 2-5UI £al-La • 

<£iCj-lju (jjs <L>oLL!lj (J_ai«- jJI Jtl£. *-jLaU 4^=j^>JI iaLLa • 

.Zig (j-Lta .}Lu-uJ Jaj. (j£. «LcLijjl (JjS AjsoLLIIj (J_ai«-jJI Jtlc *-jLaU *_iijJI 4Jal_La • 
(x-jLU LJaJLia jjfc pj *-jLU («-5=->- j-ii> V ).piVi (jyjiij *-jLaJLJ (jLj 1 ntl AJaLLaj ^ a 1 »" La jl 1 La » 1 ia 1 1 AJaLLa • 



U> 



^a! 



(jl (j ^— i_' (j_^=Jj al La-ULl 4-JL>-lj I gjf 4_iisj)j_<La) .Q al LaULl ^'^1 LJaXI A_jjIj^>JI 4_iLLaJ! • 

■ (aJijj V*> a 




7^^ cy>^ 



jLL-ul ■ la^. 



?-jj^a ALLaj (J^L>- j ii" 1 nU (jLj-uJI ( Y * _ £) J^-i i"i 



n. 
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.U2 iA>»ljJI jjUI OiLU • 

c\ 

.Z2g tlTLta jLu-J Jaa. jj£. 4£.Lo3jl ,jjs 4_><jLLJIj Jji«.jJI Jtlc *-jLaJLJ *_iisjJI 4J2LL • 
(*-jLU LLaJtjLa jj4> pj x-jLU (<^*->- J-* V ).p2V2 (jr&J *-jL«JL! (jLj_i_uJI iJsLLaj ^ a 1 n" La jl JaJuiaJI 4Jsl_La • 

a 1 IA * 1 1 4 _ r lc A-U-JI 4 La 1 ula i (J^o-a-a^a JJi-iIj 4JI (_paj)j_(La I »>>ii W Jt i"itl • 

'.^LLilll I jufc (jr Ll 4jjIj^>JI L^slxoI ibjli! Jj^M jiaJLiJI Jj^Lajj 
aLlalJI ijja 4j>-jL>JI CjLJsLLaJI fo^a^a ^jl mJ altalil aJL>-I jJI CjLJsLLaJI fo^a^a 

t-1 



m 



Z18 + Pi v i 



Q-W = m u 2 + -f- + z 2 g + p 2 v 2 

V 2 



(4-14) 



i_3j^»j La j_ik ij[jj mtl _jl iLai uaJI 4_^LUj U 4_jJL>-I jJI 4 SLLaJI £-j_a^a jl (_^J 1— LA SjLii^M ,j-a Jl_)^? 

1 >i ij^— '"Hj jlj^jTJI <=L. LuJsjx. a_l>j V 1 j L^bJj LlJLu^L! S j 2 » a j IS) ."^-. cjLijj_*3 LdLLAj .x-jLjU LuJLuzL 

4-^jTiJ LJjjjjJeJJ 4_JsLLJI ( _ ;r jfc jl .ajLall ^jlj-^l ^jJL-v.1, 1 ^^Jb LllILJ^I jl j_i»> LlA l_LajLi>o (_£JJI cJu^tlllj 

h = u + pv = (4-15) 

IjljIj 4_u^5L>. po-a-^a i_£jL_uj L^JI LLLLs a-iLtl (_^3l_ai». (j-a 4_u^5L>- j^^jb LuJliuzlj .LuJliuzl f^jt n i^-^p^ 

.(jCin^? L>- < ij-l^ (_>*-^ L*. 

'.(—ILlIL^a ' ~'^— i (j| j ^— i'j~". "j y-^~uLa - 1 La * ] (JjVI (jjjLaJI (jLa 'Ljic- 



/■ 



/77 



2 / 






\ 



1 J 



(4-16) 



4 se CaX I r-j^ita (jl ' : — i Ijl .280kPa jl JlJLcj «.Lil JaJi i ^> ?-^J^ v' * - ') J^—* loJI ' 4^e_iisjj3 4 -»■ i ia a 2 ^jUm 
4-jli.ljJI LSLLaJI Ig-j-utTJI J_ibUo .ksr i>i[\ ai^Jb J-aJiJ uj_aiLaII JiAII i_ij^^l i L^-Jua £yi» 6m fLajj! ^le. 

.(1000kg/m 3 ^jL^ *U! ^Ll^=).*L0J ^=j^*JI OiLUj 



m 
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(Y1 - 1) J^i 

. Ij-d^a (_gjl ml <2 (jLs (^LlILlj aUaiJI (j^a j| allaJLlI ^J\ Alalia ajlj->- J^-JJ V JliU.1 I Jut IL. 
,Ji«-Jua ^rLi Jj^M tj^aJLUI Jjjj^" £^=uoj 4-lLi .aJL^o i^=j^>JI AJsLLaj 4_lL>.IjJI AJsLLaJI I^_^>_jJtjJ1 ^jLa 1 L*aj| 

(4-16) ilA*\\ ^_ U^a Or.^U £jitaj Or.^U 



/» 



ZlS+lVl 



Q-VK =m 



h +^r + z 2 g + p 2 v 2 
1 / 



: Jl»-Ij iljj>.^iL^= *UI 4Jl^= (j| (jisl^j^Li 



Pl V l + ZlS - W = />2 V 2 + Zl 



■w = p 2 v 2 - p l v l + z 2 g - z x g 



t^LlIL^a ^",.1",^-, ^j^— qj 4JLI Mill 4jjL»i,l jLb 4-ic. i (aHjLj ) 2'al",^— tl (_j^iLa jjfcj 

P 2 "A 



w 



g(z 2 -z l ) 



280x1000 O01 , 
■w = + 9.81x6 



1000 
w = -338.86 I 



kg 



a I La * ] I (_yic 4-u.JI <LIa ■ ul aj (Jj.»a-t.a Jt i*iitl (j) (_ylc (Jj^J A-iJl i nil Jt i*iitl ajLii] 



nr 
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ajl-Lmj-uljJllj (Y^~ J ) J^— lm 





J^i. 


f .m jo-^N 




] a' a 


► 






m w T w 

m a ,T a 

a' a 






1 




_ 


_ 


_ 












i m w T w 









^LoljJI (YY_£) J^=u 



/ 



;h 



C, 






Q-W =m 



l c 2 

«i + — + z 2 g 



2 ' ~ ' *2 

V Z / 



: «.LjJJ 4 i rn itLl 



.(JJljIu Jt^-J-l "ii 4JI 1 l^—* I ) iii^i i_gjl i n" *_iisjj| AJsLLsj I > t-f >■ — > i_£jL_uJ <L^=j^>JI AJsLLa ^j^— U J 



Q -m Ah 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uUjlji*)l (Sic uUuLul 






= m(h , —h ,) 



2 a =m(h a2 -h al ) 



:(jl r-l'ii" i ill (j*^-! <ij 1 <iaj| 



tjjLa 'Liic r I J gil < ' ' •■"^— » II SjIj^kJI (_gjl i n" «.Lil jj^a a \j*At I SjIj^kJI 
Qa ="Qw 

Condenser & Evaporator j^ilj^Si I 

ijjIj^JI L^LaLbjJQ JjVl (jjiUJI 



//; 



2 



Q-W =m 



c 2 

h 2 +^- + Z 2 g 



Q = m (h 2 -h x ) 



(4-l7)Q = m(h 3 -h 2 ) 

(4-18)6 = m fa-M 



tjjtJtl aJL». '£_j 



Ui 
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1 




______/_ 


Q™« 


1 


i 
i 
i 
i 

! ^ 


/ 


2 

< 1 — 


J ' Ja c 1 ■ a 






<rf Q 


'l 


i 




--/ — 




' 



(rr- oj^s, 



JUa 



IV- 134a J>J>J^I ,U^,„jt LoJljJVI C^JL^= I jj J^>^II ^J-j'-i 4r ' ^"'^-^ a ,j-a a S_jj La 1 1 SjIj^kJI lhhvI 

.241.63 kJ/kg( rtg-iil^gjUJl j^i .Un,,^ LJiiiVij ,417 kJ/kg ^ < ^i^jt j^ui 



:J-i! 




(Y£- DJ^i 
:i_a!t^=J,l (^^ Jj^l (jaJLUI jjj^'.'j (Y£- £) J^— ui JJ ajLi^Li 

q =h 2 -h i =241.63-417 = -17537 M/ 

I V*.^-<tl j *^ * N Jjj La a ajlj^>JI (jl (_yic (Jj^J I a <fe (-J1 i nil <La}J_£. 

175.37 kJ/kg (_5jL^3 i tu^aJ,! <j* a ^jj La 1 1 2jlj^>JI jL J_<^2JI j-^=-af 'Ltic 



n» 
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d 


I 




^ 




Q ' 





(YO- i)J^=_i 



Jii- 



R- jl^I.Uj,,^ LJliu^l dJ.L^= lij <(Yo_£ ) J^uSJI^-^^XIji^l Jl iiL^XI Sjl^l v 



396 kJ/kg j^ll ^ j-jUJI j^l ,L,„j] LuiliiVlj <256 kJ/kg j^JJ J^IjJI 134a 

:*jisjJI ijsliaj ^^— j jJI AJsIJa ^jjilll Jl »AJ J ^~- 1.'J J *- .' 1 1 <_^l£. J«lm Jl>-jJ *$ 

Q = m(h 2 -h 1 ) 

Q = 396 -256 = 140 k] / 

/k 



g 
Heat Exchanger -.^jlj^JI JjUI 

.(Y*\~ £) J^— i ulII i|_ I i^— » (j-uLaJlita j-t£. (J-LsljLo ^ru ajlj^>JI J 2j *"' 4_l3 
^-jjJlLII (Jl o 6>\ ^j^— i i 'j (JJi-iI/ J^>-J-> V) «Jl3^ (JLc *-jLo (J^= (_r^- ^J'J -1 * 1 ^' ^""- ' ' '^ (Jj^' OJ J '-^' Jj J 

2 7 =m( h 2 -h,) 
:k 



jjjuJ! 



'~1 



( 



out 



d 1 £jLa Jji.J 



in 



^ 2^U j jji 



(Y1_£ ) J^i 



ni 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







■Q2 l5jL^ Qi 



Turbine t^u>>^l 

:*u-ijJI iiLLj i^=j^>JI iJsLL jg_j_L<TLll Jl &L)j ajjIj^kJI L^=lx«L<jjJL! Jj^M Q5JL2JI j^;^".* 




- w = /1 , - /l 1 



4 La 1 ul aj (Jj.»a-t-o 4JV > 



•-JJ3 (Jt i*ii jjb (JMJJ-"' ** la 1 ul aj (J j.q-t-1 1 jt i*iill (jL^ 4-L.lg, 1I2 {_ya j^l^s\ hi (jj t>t.-L>.^a 

••tjLa 4_tk. -^J^*- ?*? nil ^^ aLtalll 



w — hj —h 2 



Compressor :I^l^ji 



Jj^>0 t^-J ^-dj'j^* 1 ^' L^a-LaLbjJLI Jj^M (jjJLSJI (jl_S £al_Ja^a jl 2 ■ , .."■^— ^ 3j|j_j». J^-j3 V 4_j| l_4J j . /l, 

t^l £i>»J 

: 4_jJLjJ1 SJjLlLI ^^♦j j^j-J' iJsLLj i^=j^>JI 4JaLLa £_j_<JLi]| Jl tt\ *^a (*ljjb jl Jj>j3 .U^.-j) 

-W = m(h 2 -h 1 ) 
_ nv - 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 



h 2 - 1 










^ 






w 




^ 
^ k 








hi 







(- )J^i 

w = -f /t 2 - /l ; J 

A Hail I (jr Lc <lLuJI aU,„lj> Jj.q_t.fl Ji Mill (jl (jy Ll Jjj i_Jl inll 4_o}L-l 

Pump ;&ai 

:Ji 

W = -m(h 2 -hj) 

W =m(h ] -h 2 ) 

a Uall I (_yic 4-u.lI I 4 La i ul aJ J -T* (Ji-L-i J-&J LlILu/ ,jj^~~ ' ' (J* i"itl _jL-3 (—ILlILi j 




(yv i)j^=^ 



HA 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 




Nozzle :^UJI /\ (jiLijJI jf LujiJI - 

.(YV - £) J^— i ■"< jj-o Tciiajj I i^— i x-jljJU <U1j_uj ajLjijJ aJl-Ji-" i ni j j Sj i •■ 4 J y-jpJiA ALksj I Jufc 



q - w = Ah + ARE 



K-h x =-C— -— ) 

2 2 



(4-19)^^ + ^-^) 




(YV- OJ^i 



JJ-a T Jl a I «a, <<-» 



Jaji i ia ' ?^_>ijj » ^"^ a lLsJi tiaj *_)1_U (_p~„L_i <^.._l>. x_il_jJll Ja-i ua ^^ a> ^, & ^J-aTdl aU_^o 4 ^ i V>& 
(J_L>JI j Laig JlJ£. x-jLU 'kc.j-uj 2— /, IJ»-*.t pLojjl LiUj i .^1 i^. i .( YA~ 1) J 1 '— i u< ^j-a 7- '-•*'"" I i^—* ^_pa^ie_La 

.(J_>-jJ,l JlIc I j" -i J a .j ..A 71 j^jcJ ^j 7- A -»■ 7" La ijlx-^j-u^ A I -i uaJl ^_ 



Jj^J 




V>t . Till , tialiijl 



jjLalJI aLjj-s (YA- £)J^3_<i 



ni 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uljjlji*)! (Sic uUuLul 






• *.l ^ i^.tl r-j^taj (_)i».Jua ^j-u (JjVI (jjjLSJI (jj-tlaj 



q-w = h 2 -h ] 



C 2 -C 2 



4jjLj <U1^ ) ntlj 4 I -1 j" 2jlj^>Jlj (Ji-ilu Jl>-JJ 2 4J| («LwL>-J 



(4-20) .-. /z 2 = /?, 



.^U^aJI JlAJJ JjJ9 AjjIj ^JlSjVI jl (_£? 



Jli* 



.-. h 2 =h,= 100 U 



\v> 







The Second Law Of Thermodynamics 

CjIjLLII l£JJJ ^— j 4 L^aAifcLa sjlj-^- CjLj-jJi LjJ JlJI *L^l»-^I dJJj (J! 4_JL\]I SjIj^kJI CjL*.jJ> CjI j> -al m> jfl 
(j-^SLAJ "^ CjLJUj«JIj j^kl^IaJI ojufc (jJ^aJe-UI ilaJLuaJI olj 5JL>JI Jl <_JL»-!I ilaJLuaJI Cili SJUkJI (j-a JJlajj 
(j_« «.l_ll ■»■ tJaJ ■*■■»■ .>.a J| 4_>-L>. ^_ L_LlLa (—ILjJLij 1( y>.jLi. j_ul_J aIJlJt" ml (jj^L-l L^ibLsol (j •■ ^— » »" jl 
Jaaijis (j_a CjIjUlII <laj <^t Ja C I j 1 a Jlj JjL-UI Tela ■ ul £- CjL)lj^>JI lILJj J J JjLUI Jrtmf '£- CjLMj^>JI 
CjL>-jJ (j_« Sjl^^>JI (juj_i_u (j ■■ ^— > '' J LaLxJUl (j_« 4-g.^a.aje.a Jl 1 tja )| r , LL>iJj 4_ul_C JaaJLjLa J I 4 1 'aAse * a 

.4_l!L\]| SjIj^kJI CjLj-jJ Jl A-uaAJe-cX I Sjlj^>JI 
<>L>JI £_ Laj| J j 1 i n" CjUIj-j*. ^1 jl (jrlc. *_<-uljJI <>l_Lta £_ AjjIj^kJI L^a-Lal *_'■ d] (jyJLUI (j_aJL2JI (j-^-<J 
JijLjJI 4-1li1? 4_La sjlj_^>JI JLojJLi J^J (ji*-! intl ^LifoJI (j_a ^,,1 ^—tl'a ,„^_»tl <>L>J^?I £_ <j-u-l!j JJiJ^a 

.jji'.LtjJI (_^L!aJI (jj/L^= Jl SjijLlJI i!LuJI (j-« J ri" M (jJ SjIj^kJI (j^~» tj < 4J^>- 

l_£j_»-l Jl oj^-us (j_a LJajso j <LJ9LiaJI s-Lfl-i 4.i_loL>. 4_jjIj^>JI L^aLxaLLijJLI (Jj^il (j_a->L2JI (j^u Jl2J 
<_L^= J-J^so (j ^— > 1 ' (Jj^l (j^JLSU I S-da ^iii-a-S .CjLaLLaJI OJ^Jt, plj-JI (j-« pj-J l5' o^-} 3j-^ ^^"3^ * l "-~f : *" 
(J-^slaJ ^? ^..-L>. 4_JUjl!I a JabLifajJJ cJlJLjta I jakj ^„^—«tlj Jl^lIo (Jiufu Jl 4jjIj^»- ill IL. 4^al uaJjl 2jlj^>JI 
.(J-j^eliJI 4_iLi£. (<ulj (_y^>- jlj^>JI J I ajlj^>JI iJjLjb (j_a *j^>- -ij-^ (— '-JHJ J-) ( (Ji-ilu J I 2jlj_>JI (J^= (JJ_aJ>o 
Jl-lIo J« l"u Jl Jj-^>!l iliLL (j^a 20% ^Jlj-s- Jj^ 6 ^ da.\ JLi-ljJI JIjIjkVI LIT '£- OJlj>o La dJJj Jl!la 

.AjLc CjIjLc.j tl!j^>J,l Jj^jU »jIj^»- »JJ-^= ^4- j'^?^' Jl 80% ^J-ta£g 
l Jj>- jJa£ I JlJ (Ji i"i Jl Lj La >< ' (j ^-» ^1 ' (_jJ-II 2jlj— >JI 4 1 ml JlJJlJJO ^_ (Jj^i I (JjjLoJI j j l^2J IjJijJ 
(j_a (J-^l 4_»v^ CjI j 4JaUaU jJ '^* LjJI J^. 2jlj^>JI x-a (J^aLtjj <^~p>- ' 4luj^>JI oJJt, '£— (jyJLJI (J3JL1JI 4JL=ia 
2jlj^>JI (j^—tlj 2jIjj>- Jl 4l^— 1 (Jjjsljj (j| (j^— < <u j < i"ill (jl (^yi- t -a-l <2jlj^>JI £ys JLcl (J-« '"ill (jl (_£l ■(_)-« '"ill 

■J*-" Jl U^= J_F=^ (j" 6 ^~ I< 'J ^ 

: 4jj|j^>J| L43_u>LljJl1! (^Jlilll (j_aJLaiI jllaJala udLuk 
. Jl>-Ij (_^jIjj>- jj-ua^a )»_a (J^aLtJjj ^1 t i"i /tjjj 4jLaL^= *JJ^ L*- 1 ^ Jwj lSJ'J^ 3 " l -^J>-=e-a s-LJ-i (j^ 3 a ' ^1 * 



> V^ 



4jjlj,a)l L&mLuJJI 



JjJ > • 1 

jjIjIIj ubjl^all |«k uUuLwi 







sJlcLuj^o (JJJlJ 4jLOJj_a 4-»-J-} (_£ J J^>-T Jl 



a ,^.^-». . a 



4-»-J-i (_£J rt i n-*. (j_a ajlj^sjl (_£j_uj3 (jl (j^ -1 1 ) « * 



Ut>-jL 



4 j i iiL^auu^f I Jia <LaLil AjjfcLflJll ^jja-au J] zjl J)J ' ' j' •— '" ^-^ (jr- 1 '-^' (jjjLSJI /-jSaJajba y> i*ii t (jl (_>J-2j 

■(jr^J Vi 1 1, 1 (jJJ-4 A^aJ J^-4J (_P-Ilj ^j^pj^lj 

/«_^aj i _ r ^=iJj .jlj_>JI ^_j-lJu CjJl^so jl jjJ^J LaLa_i «Lui^=lC j^— i al I jl Ljjj/L^=l*jI «.Ijj>-^(I ^^nll 

<U>-jJ Cjj-iTli JJl^-I pj ajlj^>JI 4-»-j.} Cjojjj Ja I i tla.ll «.ljj>-J '^^ c ■ (£j-^ p " ' aJL>- Jl>-LJ 4_lu/L^=_*j zl aa^fljfl 
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out" 



CL 







1 




r. 
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i. 






. L < - 


w. 
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L 2 




f 




"t 












l > 
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i ^ \/W 




— i 


P 
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1 

i_ 





w ; „ 



JjVl aJUJI 



out 



aa&\\ aJUJI 



'-> 

4—LLt.a ajJL) 4jl3JlJ (jl ujo oj lj) i"i a <L)LgJ J] J l - J " (_^>- jl i njtl J] (j ,, J^~~' U t-dj_aijj /-^aJ '• t^Jj* I <UL><JI 4r- 
I jLjfc «.Lul <lL)Lj L$jjIj_»- Aj^-jJlJ Ol aJa i ■■ >l CjLjjIrta i La aj jo (jy ^=Jj .W; n 0jJ^9 (J*-^ (Jj^ 1 Ji "J* r-l T i- -v j La.4 
^LtJ <Ji».l jJJ 4"i^-ij^>- *Ljj| (juj^-iU (jl i«L_l>.j .Qout LffcjJ^S Sjlj^>JI (jjs 4jq^-i Lg_La Jlj3 jl (_c- -v j *lj^»-^M 
L^a-LaLbjJL! JjVI jj*'l all Luj p^' tl (^JLl Jjj. A I JiLtUI 4_JLa I jJ icjjj^J,! A^LL (j-a JiJljj ci]L^3ua»| (jjs 

:(jl (_$l .Ldl^-i'^-VI Ji-iij *-J|>t1 *jlj^>J! pj-a^a (^jL-uJ AjjIj^kJI 



W! 







CjLjjIjsJ, Qi n aj1j_^>J1 <j_a ^ ^-1^— • £sLi-bJ i_i_-vj JjjL^aJI *lj_^.^M ^j ■■ ^— ♦ *' (jl Ljjijl li! :i_uHJI 4_!L>JI '2- 
(Jjk t(JI S i (i (j-AJJI J] j-iLuJ LLibj A~t£— ,j -^ ^^a ^j ■■ i^-i 1 1 q ,.^-.» » (jr^* - LALdjI Lt"^ '— U^lI 4jj1 i u a «LJI ala ■ u * I 

: I JJ Q^ J AJjL^a Qin j! ^~p-J 

JJLAJI (jrf< aj j^J^. Jj uajJl J ^-"T ^ LuLs IjJ Wf tiJL^aj^VI Ji ji <j_a ejl <i" mVI J ^=-»J "^ <LJj ^P-J 
j-i_£. *lj-^-j 4_jj *lj_^^l I j_ik JJii JL-2j I jJ .JjVl 4-t_Lgj JJ (jju ^-tl J ,^j ^J ^LlILij olli uaf ^JlJI 

*Luf cdL^aivl 4-p.l uaj V (_£JJI *l>^-l jj-C ^_=tjj jl U^tS Lu-ul^ajul *lj^-l ^j^>o <jt Lbj^ 'M cr^Wj 
elj^vVI (j| Jj-UI J ^— aj lilljJ .aJabLiiiil ujjLjeIII *Jslj <j-a 1 jUr q ^— a ^jj** tlUJj t (juL^aJLl ^^— j^ 
4_uLuL>JI CjIcI^_>. jM 4-J! '- ' ' " '" LaJ-JX. 4_la \1 A" , „jj U ^ IjTjJ '^" ^j "" L"~^ )! c *'J— *"] 3-* /^-i-uL^sutJzl 
jl JlJLb jJlJL) (jl (j ' r ~' 1 ' (jr^'— <JL»J **JJJ LajJl 4_IL>JI j_a cl»L! >-&» 21 oJi_4> -ij-;^ Jl <— i^>-9 i^^-a i— SjjLLa 4J3L3JU 

. (jr LLL>JI *Ijj».^I I JljJ ia^IiJ AJsLkJI (jljuia 

Jli- 

40 "jJ^ I si flJ 1 •■ a ^Liui (jr LajLlI 2jlj^>JI Aj>.jJ ^-i^p *'j-^l (J^^*" ^ "J " * a (Ji ^^ ^ Lkjl JL4A ajlj^*- 1 al '^" 
4_ 4JL^= «JLiis Ji-jJIj SjIj^kJI (j^> 3j-^' O^ l^J-A 1 3-jJIjII SJL>JI <j-c *lj-^-^l I JljJi Ja-p- ^Jl^3 La .kJ 

:*lj^^l I juk J>U- ajjIj^kJI L4=Lxal_<jjJL! Jj^l (j^JLUI j^. 1 ^".' 

■■■Q=w out +w f 

:.W f =50-40 = 10 kJ 

l^-A f.\jA^\ I jufc 2*Lo^= (jl Jjill (J-^lcj ^yJbJLj ( 4^1 <>ia 2jlj^ 50 U J^=l! 10 kJ jJLiJ LiJl (_^T 

_ WT - 







40 
50 

^Llluj J jii a Jt i"i Jl Sjlj^>JI J ^— > (Jj^so ^j_a Jl^jo (jJ-tl <J-aljJLtl Jl>-I <jii-a-i ■ dL== »"-*-VI ^jj i_£j_) I i ^-< *j 

.4_l^L=uL)VI CjLIj^I ^ ,<tl^-,^l L^L^J ^1 CjUj^^I Ji_po 
(. r i i n < sjlj_>JI (JLSjjI J-Aj ^j-ujL^sjuz] «.lj^>-2l A—lIlLo ^j_c CjI«.Ij_».2| -i3^>- <J-aljil (j-a j^>-l J-aLc dJLakj 

<LuLuL>JI cjLIj-j*. 2I <LaL==i jj_pJ (jL^u-ujJI (jl j j "it I 1 a a (j}LaL»JI (jl jukj .2jlj^>JI cjL>.j.s £_ 3j-^ AJ^-J 

(^j—ij/L^auLJ^I «.lj_p.^M (j_C /g *.;**- s-lj-p-l (_£? J_a_p- i^J— a Jl-jJljso (j_==u«-ij .4-1 inL==utJ^?l CjI«.Ij_^.^M (j_C 

.A-lusLJkJI tfjuj i La i •■ i a Tj-^ (J-i Lq-l3j .(^j^p-izl /- a ' uJ 2JljJl>- A-u-aLio 

j__ij_pjzl (j_==La-i I -l^~~' .<U_ujL===l*jzI CjI«.Ijj>-^(I CjIjI i ii a ^jc 4_uLuL>JI CjI«.Ijj>-^( I .^p* i^jJ (j-uLula ^yjk 
«_ll_aJI '2- CjJljso (jr ^= aJsLLlII Jj^>J CjUIj^xV 4 '^— a-ll CjLbLso^l JtJJ^>J (j-a CjLiI m-ntl ^«; (jr JLl *Lb 



•LT 



U*JI 



t^LltL^s (j-Lta s-ljp-l <J}L>. <*-tlj-H jl 4-SLjiiil ajlj^>JLi ^j^pj^/l 4_u,aL». ilajjpj 



2 



dQ 



(4-21)Jds>J^ 

1 1 l 

I- If La a i u 2 a dQ (>L-t.a *lj-^-l (Jl «&! uall ajlj^>JI ij-j-tiuJI ^gjl i »j jl j ;^— I ds (^j^pj^l *2_j_L*lJI (jl ^1 

(j j W*i*"l > 4_a}L*JI Lai Cr ^U=utJl *lj-^^l (jj^-»J LaJii£. = La}Lc j j LaJj .^Ij^^l I juk J}L>. sjIj^kJI 4^J-i 

■^.l^ntM MJI *L>^>L! 
Lai (d<2=0) ^^^Vl <pL»LpVl e\j»$\ aJLw I|_ ^jpiVI '4rja^ ^^M V 4iT (4-21) ibLdl ^ ^n 

(j_a liJJj 7t <>i"j L^== Lajlj Lp-j-a ^j^j^l 4-J-j-^l jj^J ((^LuLsJI) ^ ■ -l^-.»*.\l tl ^LLjJi^I «iljj>.yi 

.(T- 1) J^,,t,tl 
ds = (4-21) : 1-2(^1^=^1 » 

ds > (4-22) : 1-2' ^\*=^ <. 



> V i 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 




Tt y 




p=c y? 




2> 


/ 1 
r 1 




1 / 




— -"-"I 


1 / 

K P =c 




s 



Cr" 



l<=i/i|>Ulj cr ^,l<=-it , iVI ^j^Ul^^VI^JuCT'- 1) J^t.t, 



1 isent j j 

h 2 . - \ 

Jl <LJL>. j_a (Jj-l^sjil «.lj^>-2l 4^3J I •■' i^JlII jl l rit.1 (_ylc J-<Cl<3 V jljJlil 4_U-isL>. ^jj^jlh^ I jl_) (Jj-5JI /— 2-UJ 

4J (J-Ljla i LaJi lis J 4_LLt.a ajlj-^- 4-^>-J-S Jl-lC Mj-« s-I^JLs . L#J-JJ dJLaj <jP-J' <UL>JI JLc- ilaJi2 J-oTlaj (Jj ^j-^-\ 



Heat Engines ajjIj^J! oV'iM 

(j *— i 1 ' 2 4_j| tJU-JJ l-(-l^->- (j- cP-Jl *-* J ! J- 3 *-' ' 4-5 ^L) (_j a ' " » L*- 1 "^HJ Lkl-4j' (jr 1 ^' 03 J '-^' ' " '"j ' 

■* a j La * a (j-C Sjl lC 4_)jIj^>JI 4_J Via .4_jjIjj>- SjJ-S (J^L>- J^j>-Ij (_£jlj_»- jj—uuz j_a (Ji i"i /- Lg J j i a ■«- ] I 

4_jJui ajlj_^- 4_>-jJ Jl-Lc jJ L<a^a j_a "'j'j" 3 " - C ' """' ' L ^- i J <— '-^J-" J-*-" 77"^] Jl <— 3^M-* "'■^~' J * ' N J °J '"' 

Sink ^jIj-j*. ( r <^ia Jl JsLJI -ij-£a3 *Ji JJLii Jl 5jlj^>JI olxJt j-a «.J^>- J_pell ( Source ^jIjj- jj.^ia) 

Jij^>-jj (_£jljj>- )>-i-La jl j J L^a-fl ^5^-J (_>^>-jj 4jjIj^>JI L^=_Lfll_LijJLI ^^LlII ^jjjLaJI 4 uaAse I a ajljj>- i»-jj JlIc 

2 ail i^-itj 3j|j^>J| ^j-« *j"^ *^i^ -L>* a ^ L^J'J-* - '."^ " 
(T 1 - 1) J^— i ■"■" JJ p_jj»-jJl_l 4_Jjlj^>JI ajjjJI ^_ (j-Ujlj^>- ^jjj ' '-'"' -^J-^^J OJJ ' a J ' ' "*~ Li ^~~' ^ 'J 

/«Ji < \jJu^i ;_gjl i .it Jt i*iill) (<u3=->iJI Cj^jjj 1-2 «.Ijj>- 2I (J^ii>- ajlj^>JI I j^ a ■ 31 uaj 4jjIjj>- ajJJ A^J JJ ' t3 -' * ' 

Jl 3 aJUkJI Jj^»3 (jl (_c- -v j ajjjJI aIj ^ ^~»tj . Jl^lLo JJLii (jric J ifi-r i* 1 ^ 2-3 «.lj^».^l J!yLi- JJl^jj CjJlj>iJ 

j_a j^— -i""t 3 A_JL>JI JlJ£. A_ajlaji,l j_a ajlj_3* 4jljl f^-lb A '^— 1 U a JajwjJI aJLuj/jJIj .aJLuj/J (^Ll 1 aJUkJI 

_ We _ 



4jjlj,a)l L&mLuJJI 



JjJ > • 1 










T' 








<4 S— C ^LlJjaj-a (Jxjoj 




-1 T 3 

1 T=c 




AjI^o S^l^a. 




s 



SjIj^kJI (j-tb Qh "-^--d P* SD'^*"' ^^-^ (j UjU-s- 1 «_u/j (J^L>- ^j_a »j $a\\ I Jufe (VY - £) J*^-* ilul 7c_iisjJJ 
(J-4J Laj 'j .4_jjIj^>JI 4_J VI ^j_a >l aj i ui ,| J* i*iill jjb W J ' Ljuaj»JU ol^jAaX\ Sjlj_>JI 4 _ r 4> QlJ f nil (j-« isLJaJll 
*l ua^oa t_gjl in" SJIjJLlj &l uaXI SjIj^kJI ^l .^ — ^ (j| Jljso 2JVI olLjfc 4_jjIj^>JI L^=Lxal_bjJLI JjVI (jjJLUI 

J I .J j -q- t - U J * i"it I 

(4-23)e fl -&.=W 




o^aTOrv- oj^i 



1V1 



4jjlj,a)l L&mLuJJI 



JjJ > • 1 

jjIjIIj ubjl^all |«k uUuLwi 



jaiaftxtl 




Sal uaJQ SjIj^kJI (J^= Jjjj>o ^j^SLAJ "^ 4JI (^ylt-^u t (Ji ilit I ^j^a j-l^=I (jj^aj <LaLiiJt,l SjIj^kJI (jLa ^LlILij 

I^LlIL^a T|th <UVI ojufc 3«.Li^= jj-a il flj mXl Jt ifaJI 4-a-LS ^Sjjla (j^= ' 1 'J ■(Jiji Jj 



(4-24) 7- 


JuiS 


w 


4JL hall ijtj^JI 


e* 




Qh-Ql 

(4-25) % =1--^ 





: JiAJI £>£, (_p3_^«-i 



.4jj!j^»JI ijVl S*U^= cjjIj Ui^= Sjj>mi 3jlj.^>JI a^uS cJl Ul^= <G| (4-25) 51s UX I <>a ^<^~j 
J^=L^i 4- 4^e_iis^il (steam power plant) 4_jjUc_JI Sj jJUl Lk^ta £a_ajj<J,l ajjIj^kJI Cj^VI 5JiLa| ^ 

4_ Sj Laj <2lj ajMJlII IL. 1 al <>»" 2// ^j'j- 3 *- ''^ 'j' a -<JLstAII SjU! jl ->lfc»:t| j.,* (jL>o) *UI jj^— j^ .ajj1j_»- 

.4JUj1iJ j^-i.' LiUjJj 



SL.^JI <iull 




W Ji^JI 



boundaries 



'Ql 
4jjIj^»- XJ1 ^— 4JjUe_tJl ajjJi!l 4_La^ta (TV - 1) J^— ui 



wv 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaAUl 




LI>U iaLt^m Sjlj^*JI S- 1 -"^ .800 kJ/kg ojjJa >U-u, ^Hij 1600 kJ/kg L^U-us SjIj^- -Sj-kS ^j'j^ iJT 





l5_>1>>- j-^° 


= 800 kJ/kg 




Th 




Q L = 


1600 






|ry i 




(^jljj>. u nn a 



(ri- oj^i 



:>J! 



Qh-Q l =w 

Q H =1600 + 800 = 2400 kJ / 

wor& done _ VK 
heat sup plied Q H 

work done 800 



heat sup plied 2400 



= 0.3333 = 33.33% 



The Heat Pump & The Refrigerator s^i&lj l>Jj*tt l&ai 



WA 



4jjlj,a)l L&mLuJJI 




i^j > • 1 




Oti jt 4jj 



2^- ,^a (VO- 1) J^SLji 



jaiaftxtl 



<Ujlj^>JI l^= t-^al Lji IlU JjVI (jjJLSJI (Soxlalu 

W = Q H -Q L 

Coefficient Of *IjVI J-aLta-i L^Ic ^1 ♦" r.nj I jj «Jl>-jJI J*j;^I jj^" a^MUI «*Li^= jV IjJai 

Ql S ,uAA.:t| Sj|j^>J| l->.ji ^j pop-mXI (j-a 4 i.-m<iU ojIj^kJI jjb 4^}Li!l ^ i-fljtjjl .Performance(COP). 

jl j^**1J i^Miil sibVI J-dLt-a jLb (^JLjJLij W Ji_»UI ^Si Laj to < 1 1 rjL>- <>a (j La »" ^,111 isLLJI Lai < 

:4_JLlII ii^LtlLi 4-i£. j-Ltj 

(4-26) COP REF 



Ql Ql 



W Q H -Q L Q H / )_j 

I /Ql) 

J_aL*_fl jj ^—is^ 4_jjIj^>JI 4ie u*X\ 4_!L>JI oJ-tt, '2- j^a-lmJ 4JVI jLi i_3JljJI ^yb Qh ajb-^-i' C^JL^= lil Lai 

:^UL^= *bVI 
(4-27) COP HP =&- = — ^ 



W Q h -Ql 



Ql 



Qh 



(4-28)COP HP -COP REF =1 



ivi 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 



5jlj^>JI '-■ M^— j 200 kJ/kg (^jLi^j *l Lalll (jr JLi JjJl_J,I JJLiiJI (jL^= I J| ^ • "j^— •" ^-dj'j-^ <*-tf 5 JJ J 4r 

lij A_Ll^=UI oJLjfc *ljif J_aLt-a (. , iu~%.\ .^Liaiil 4^1 tlaXI ajlj^>JI 4-<viJa <^-A La 600 kJ/kg altalJI (j^a S njj La 1 1 



Lfj'j^^ 



I 



Q H = Q R = 600 



A • " jS* a 4j J \^. Ail 



Q L = Q A = ? 




w = 200 kJ/kg 



SjjjJI (^At. LjjIj^kJI L^a-^aLbj U JjVI J13JLUI (J-ilaJ 4_jjlj_>JI SjVl (j-a (Qa) SiLiiaJLl SjIj^kJI <_i L.-a.-»J 

:(n- 1) J^.i.ll^jj^sU^ 
- 200 = <2 A - 600 



2 A = 400 kJ , 



kg 



•Vq\ ,ut| Sj|j^>J| (jjj 



:i».>L!ii] #IjVI J^aLta <_il uuJ 



COP c 



& 



w 



COP B 



400 
2~0~6 



= 2 



:<Ujlj^>JI 4.s&jiia.aU «.ljVI (JjsLjlx < il i n*«itj 



COP„ 



w 



)A. 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







COP H 



600 
200 



= 5 



. ^ + 4^ Mil! #ljVI JjsLt-a t^jL-uJ 4Jjlj^>JI Air i^iqlt eljVI J^sLta jf Lufc 4-li — N lb j-JJl>JI 

The Carnot Cycle: (a^jltfj^lULiiia^ljafiaftl 

I /j",-l A^-. Qa ^-»" ^LjJLij 4_uLuL>J I CjIjjJlJI 4 *al^-» t 4_ut>.j_/a sjJ-S AjL1<jj ^j^— 1 "' (j-t jj i nil (jjjufc ^j^a <LlJL>. 

:4_lILjJI CjI«.Ijj>-^(I (j_<a (ja^auj (^^J T-S <Uajijj>. (_ylc A_lILjJLI CjjjjL^= *JJ-^ (JtA-*- 1 C' ^ '" ^' J*""""* '"' T - ^^ 

.SjIj^kJI <L»-j.} di^-iib «jlj-=«- iaLi-isI 1-2 *lj^»-^l • 

■(^l^i/il tPLiLot jj^i 2-3 *l>».yi • 

.SjIj^kJI i>-j.i ^ll^jij ">j|>=>- ^'ji 3-4 *lj^»-^l • 

^...t^.M ^bLol JaU.^I 4-1 *!j^yi • 




'1 "2 

4-Jliil ci$jjl£s Sjjj (TV- i) J^-i.t, 



'.^LlIL^a CjjjjL^= ">JJ^ ^dI>*"' * r ^ < "~—M < ll i m~>- > j^— > 1 ' 



7* = 1 



2^ 

Qh 



(4-29) 



•.^l^a^VUI^UKY^- i) aJ^UIj oLlL-VL 



J& = J 



rffi 



u\ 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 




'.(^yJLlIL^a SjIj^kJI <^>-J-} ^J-p *'j-^l 4r <jr£i>^^ 4-J^JlJ SjIj^kJ! -iL^i Q^~^ * ' ^ * a J 



(4-30)Q = JTds = T(s 2 -s T ) 



: L^laj 



2„ =T a (s 3 -Sj) 

Ql= T l( Sj-h) 



2 L _ , T L ( s 2 - s J _ j T L 



(4-31)^=2-^ =7 

Qh T h(s 2 -Sj) T h 



:^ z\^=a CjjjjL^= °jj^ o^- £H"-id' u* '"' " rr ' **' '"' > j' : ~~' i * 1 1' : ~~' 



(4-32) W = 7^ 



:ajJLiII cjUIj^j-^I ,jj9 jj'^-— ~"j iflliill 4_t^_^=u«J,l cj_^JjU= Sjjj (VA- i) Ji^— ,*:,tl tci^jj 

.ajlj^njl 4-»-J-} CJ^JJJ «j|>>- A^LtiJ 1-2 s.lj^.^1 • 

^...I^.M (^jbLsf JaU.^I 2-3 ?lj^.VI • 

.ajlj^>JI i>-jJ Cj^-iib «j|>>- aJIjJ 3-4 *!j^."^l • 

^■■■I^U.M ^bLpt JJl*! 4-1 ?lj^.VI • 




'1 ^2 

- Ut - 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 



Si = T lC S 2 ~ S l ) 

Qh =T B (5j-5 a ) 



(4-33) COP, 



w 



._oa I cCLq-uLi «LLc ^_p3^jLj I jJ < < J Luj (Jt i~i 1 1 (j I i>t.-L>.j 



(4-34) COP, 



r L c 5 2 - 5 7 ) 



(T H -TJ(s 2 -s,) T H -T L 



t/yJLlIL^j j j*3 4 i ..j^—» 1 1 CJ^JjL^= «jjj j^yjb ajjjJI (Jj^=lJ LaJtl£. AjjIj^kJI 4 se ua ^H s-lj^l (_LaLta Lai 



(4-35) CO/^ =^ 



(4-36) COP H 



W 



* h' S 2 S l I _ * H 



(Th-T^Sz-sJ T h -T l 



Jli- 



4^>-^Li!l sl.il ,J>sLta (. < ui3»l i 40 °C, -10 °C »jl.>»- (jP^-J^ CjU 4 ma^BLJtXI Cj_aJjL^= »JjjJ L»_u JjWU 4j>-Mj 



cM 



^^"ref 



T H ~T L 



CO Pref - W + 273 =5.26 
REF 40 + 10 



)AT 







4 il«j«JI <, 



: JjVl JI>JI 

k*j| '^^-^ ':"jv:" m *b-^yi 'f 1 tx '" s — Jl* 'w^:" 1 : . ,s j"jj' itl p 1 tx: " :»-3j— t (') 

■ J iu.it! 1 4-LmL^3 »*'VI 
(jl ^— I jl_3 7°C 4_jj1j^»- ^>-J-i C^eJ-La I (,"*»> d-i\ji <lai <>> C^>J 27°C 4_jjIj^»- ^->>jJ jL^. -ij-J C*-^) 

jLtll a b^=> (jt_j Liic JjJljII JjLAJ! j_ib Laj ^L^lII ,«_«J! 3_a> Lj^ 8m 3 jLii! ^1 Jljj^?I (<^*^JI 

.R = 320J/kgK jLUI I jyl ciljLUI c*jIS J^.10kg^jL^3 

-.^lill Jlj^J! 
200 kPa ^jLcuj LjI JlJI '£- *_jLU lLsJI <>> jl ^=> !i! < isothermal S_jjIj 2jIj_^ 4^jj> jj> *lj-^l 2_ 
I JLyJ Ji_«UI .4 m 3 i^jL^ ,JA-£l\ <^>A\ o 1 -^ 3 li] *Lh*-)N '^ J-*--^ 1 <~<-u^.l <2 m 3 f^j^lj 

M 
l^JJIj (jqu-^ai, I ^^ J-4-»J 2.3 MN/m 2 ojJ^J <lai us i_dl_Li4> U^-^= 'M 4J!jt~» mfj (juj^-ia ixjlaia IL. 

.8 cm Lkjjiij iaL^a ^..j^tl | jut, dlj^h Lajlc J tu.it! (_.ui-».! i 7.5 cm pjiaJa 

:^!jJ! J!>J! 

4-LllII (jr Ll a Halt! SU,..lj^i Jj^jlX! JjLiiJI l_Luia.| 4_t^3L_jjLj n? JJlxjJ 4jUf 7"^JJ <jr^' J^— uJ\ 



^Ai 



4jjlj,a)l L&mLuJJI 




i^j > • 1 



p(kPa) 
A 




620 


' 


■\V pv k = c 






/ / / / / / / 


2 


C 


.15 


1.0 


* v(m3) 






-■=• 



jaiaftxtl 



Tj" * " >>■ l_J (j-Lt-a ALksJ (jr^- Jj .' ' 



*-jl_a (_^J «Jijj_LaII ajlj_>JI CUJL=J 5_j_jLj 4_JL>-I.3 iJsLLa C»--vj Jali tlaJVI Ja^o-ii /<u Ijl *lj-ii> i ta e 1 i a IL. (^-s) 

.Jaj^iJI I job JMi«- 't%Al ,utl ^^^JLc Jjj^J.1 JiAJI c . in-wl < 50 kJ/kg ^gjl ml Jj>-<i!I 

I il .350 m/sec 4-g.j uuj 2300 kJ/kg LkjjJs LjJljJb i a^auJJ jLsbjJI Ji. ju < ojlitJI ajjiUI «jjj> 4- 
»jlj^>JI Ljjio-I <70 m/sec £cj_i_ojj 160 kJ/kg LfcjjJs LuJlfuL i ^~.^utl l ^ ja , ^-,^u-,ti jLstJ! r>^- 

JlJ£. *-jl_U LuJliiJl 0_JL= I jl . Sj-aTi-i-u-a ajj uaJ ^j < uJ La «_jl_I, 4-g.j mil SjLjjJ jl j-^- (_,_& (nozzle) 4-ifcj_ii]| 

<2790kJ/kg 4_d>_a^!l <j_a *jULI rj>i>- Jic. LuJliiJ^I c^JL= li! .60 m/sec 4j£.j_^j 3025kJ/kg 4_4>j_dJI <daio 

.LaLa-i 4 I -i j a a -Vj^tl ^j_a 2 n j 2 a a »jlj^>- i-l!l_<jfej ■ S^l *_ iisj ^_ 4_&j^JI .r-jj^>JI Jl-Lc *-jLU <lcj_<-u (. i i n^-l 
Jl-Lc *-jl_a-L! (jy CjjJI /fljj=j>Jlj 0.1m (J_ai«-jJI Jtlc 4_ifcj_ii!l 4j>-Ljjjs C^JU= Ijl *-jUI (jLjj..<-u Jjuta Liiajl <■ mi-wl 

.0.19 m 3 /kg uJjL^ Jji-jdl 



^ Ae 



4jjlj,a)l L&mLuJJI 



i^j > • 1 



jaiaftxtl 




0.1 r I j 3 H jiJl^iIJI 4_jI Jlj JlIc (^jiJI *uau»Jlj 620 kPa jjk ililii «j|>>- ^>.j-i Coo jj»"tl ol jj 14- '^* '^ 
(jl ^j-sl ) .SjjjJI oJljJ ^gj-LuaJlj ^jj-a2JI SjIj^kJI ia-jj •~^^-\ . 50 kj/kg ^yA SjjjJL! £al <MI «jlj^>Jlj m 




'1 "2 

^•lill Jlj^ol! LJliai ^jl^= Sjjj (TV- i) J^t.t. 



2Lu^=ul1I '"'j'j^^— »jjjJ sIjVI JjsLt-a i.nn->.l (jjjL^JI JlfiXI IL. »jjJl!I ■-..■■^— c li! 



Ul 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uljjlji*)! |«k uUuLul 






^titfljLu^tflubb-! 

(!) 

.4_i_uljjJI Cl->j jij *~^13 4_LLt.a J>jJlj>- «d J_l>- ^_ 2ji^>.jJLI ajLil 4JL) i_3j_*-l /_^3L-Lal * ' >j aj uj\ a Lkiil I . ^ 
4— lll? I jl i a r.^-itl i U^i -^.t I ^ <i i uj al lalll (Jj-^>- < aJaJuLI 4 ^— >j ■*■" a jl 4_j_iu ^j ^-." j^ JjJ^>JIj 

4_IL>- ^j_a pi U'tl jJLajjl j it) ,_ ^3L.Lal *' ^j aj i!l1| «.Ijj>-^(Ij a I kill I i _j^l^>. 4 La ■ ul aj a I kill I aJL>. JJljso .Y 

•^ J! 

.Lul Jljj^?I LgllLa. (joLfll! Ji^tJ 1 j^l^-11 jji't >-.^—j" jj jJjJI 4_JLjj«JI ^^ LLmL^auuVI 4_JUjlII .Y 

.4^1 uiU X S_a2]| j_a> JiAII . £ 



IjLii! aL*JI (JjjLSJI a I Jiir" i iiU .O-iLi i La » i a Coo aIu * 






V 



j^tf 






»-J->J ) JlJ£. sjIj^kJI 4_a-jJ>J /<u3E^>iJl 4_uajl*-4-l (Y) 4_JL>JI Jl-lC /«_3e^>iJi <— ll i m~>- (j ^~* a ' 4_ilc 

(Y) Jl^I SjIj^kJI 

8 V 2 

(27 + 273) " (7 + 273) 



300xV 2 =8x280 



.:V 2 



8x280 
300 



= 7.466 m 



tjt ("ill ( ll ( n~>- Jj ^- — i *, \ 



w 



W=\pdV = p(v 2 - Vl ) 
120 kPax (7.466 -8) =- 120000x0.534 = -64080 J = -64.08 it/ 



> AV 



AJj!>*)l LSo«LuJJI }J!>lljuU)lji*)l(4kuUuLu'l iauSjjJUjU 

AUalll (jy Ll iluJI 2U ...Ij' Jjjjjt-a J* mi II q\ (jr Lc Jjij >_J1 mil 4_a}J-C. 

t^liJI JljuJI l_iI_j». 



pV = mflT 



pV 



:<j| ^- h mi ii I <j^=" 



•■• Piv; = p 2 y 2 

W = /?,V, xln^ 
V, 

W =200x2 x In- = 277.26 kJ 

2 

.4_u_dl (_yic A Ua.Il I 4 la i ul aj (J^a-a-t-a JJtAJ (J* i"i 3-A (_yJLlIL)_« (_i^>-^ava gjt i"i jt i"itl 
: A_iJLjJI 4jjL»i,| 2^,..\ji La »j (JJLifoJI (jLa ^LlILij duli ilajLLa jj *'j-^j ><*> Ll4> *'j-^^' 

W = p(V 2 -V 1 ) 

,UU ,^'.1 4 J of (^yjfe Lab 4_lLjj«JI ^LjJLjj a Uail I (jr Lc JjjJtJ 4-*^' dpi ' J",' 1 ^^ (jr^ 1 J-* 3 ^ ' ^ * ' a ^ 
^j_a (. ( i »->j (j| ^j ^— > 1 ' /<u3ej>JI ^-jjJlLII (jLS 8 CIT1 «Lal > na La <UaJL) jj^a i_l!j_^L) (j .. .^-< 1 1 ^jj ^aU^laLi 

V 2 -V, =fd 2 (0- 0.08) = -f x(0.075) 2 x 0.08 = - 0.00035343m 3 
(j-a j-<-^=l jj ^— ■_* (Jj^l LIL>JI IL. /«j5Ej>JLa ^LltLij JaU tiaJl <LJLa£. 5_JL%jlJI (jl C;r Li J j3 i_Jl mtl »jLil 

tjt ("itl 4jjUL>3 ^_ (_p3JJ<_) 
W = P(V 2 -V 1 ) 

W = 2.3 *10 6 x (-0.00035343) =-812.9/ 



^AA 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







:yljJI Jlj-uJI t-il^*. 



w = 



Jk — 1 



.p2 4_uliJI 4_!L>JI 4- JaiuiaJI u_sL^». jjja JljV Lufc 



'O 



Pl=Pl 



&J 



= 620x 



^0.15^ 



Vl.0y 



620 x 0.0581 = 36.02 kPa 



m 620x0.15-36.02x1.0 56.98 1n/lIr 
1.5-1 0.5 

ijLfl 4 ^^— j"l -J ^J1)^~ »JjJ^ f*l kaj l£I g '^ I ^1 ^1 (jr^ 1 LJ^'J ^-djlh"^' L^ai-LaLbjJLI Jj^l ji^JLill (!) 

.<UjjJI (_yic A UaJU I 4 La 1 ul aj (JjJuJU Jt mil 4 I <^-»-a ^jl , n" ^3l i>»t I 5jlj^>JI 4 I <^s-»-a 
4 £1 LaJI ^-j-LtTiJI (_gjl 1 n"< (Jt i*iillj ajlj^>JI ^1 .^.-»^ (j| j^^JLc ,_)-"* J^ (Jj_iail a I Lai] I (_ylc Jj j la ) (JjVI ^jjjLSJI 

•.SJiljJI 
g - W = Au 
aI LallJ 4_L>-ljJI CjUsLLaJI f-j_<i^a jf (^JLc (_^al-jj 7-j-HU aI LalJI (^-Ic Jj JoJ Jj^M ji^JL-SJI 

tAUajul ^j^a 4_»-jl_>JI CjLsLLaJI pjji^a ^jl 1 uj 

c 2 c 2 

fn(A, + y + z 1 g) + 2-W = m(/j 2 + y + z 2 g) 

4_jI_4J i|_ 4_iL>-ljJI 4JsLLaJI ^gjl m~ JajjSJI 4jI JlJ IL. LJjJjJI 4JsLLaJI .J^L*-* j»LLaJ 7t-i-ajJ Jliil (v) 

.JjJJLa a UaJiJ 4jjI^j»JI 

q-w = Au 





Q 








w 






:,,,,N- 


1 









( ) jim j^ aii 



U1 



4jjlj,a)l L&mLuJJI 



i^j > • 1 







50-w = 



.'. W : 



:50H 



% 



.(JjOL-uJI (J I J I nit I V*i^-.tl -.disjj J^— ' .".tl 

.j li 1 1 — » i_£jL_uJ *_iisjJI AJsLLa ^_ 

2 2 




L yj±LuA\ Jlj-uiH J^auUI 

Ci (jr Jb (Jji».jJI Jilc jlitjJI <Ulj_i_uj 4_uLjJI £_ Jl>-Ij aIj^-jJL^= ;_gjl i nj jlie-JI (jLjj_i_u (Jjut-a (j| Luis^lal I jl 



e=/z 2 



".(J Oil £—. J I la » 1 1 1 p .tS II ^_p3jjLJ (j) > j' : — - 1 1 ' 



2300- 



(350) 2 



2 = 160 



(70) 2 



2 2 

2300 + 61.250 + Q = 160 + 2.450 
.\g = - 2198.8 &//% 

.ALkliJI ^_ya I >Jjj La ^ ajlj^>JI (j) (_ylc (JjJ <—Jl i nil 4-0 ^Lc 



\\> 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uUjlji*)l (Sic uUuLul 







. (jr ial f-i-ij <4- ^-AjaJI (j! <-lUj *_iisjJI ijslisj SjIj^kJIj Jt Mill 



A, 



/?, 



3025xl000( J / ) + 

/kg' 2 



—( J / ) = 2790xl000( J / ) + ?*- 
/kg /kg 2 



3025000 + 1800- 2790000 = -2- 

2 



236800 



J 236800 x 2 = 658 "I 



sec 



: W (jLj^ ) iltl (J Juta l_ll ( »->t 



: ■Lc.j i ii tl <4- » ^ s 1 1 <L».L-u^a £_ ( (jr cjiJI /<s^ej>JI uj^ILo) 2'*\~<^\\ ujjjis (Jj^aL*. ^gjl i n j m (jLj-^oJI (Jjut-« 



m = pxAxc 
0.1x688 



Axe 



m = 



0.19 



= 31.6 



v 
kg, 



sec 



HI 



JajljJISi^l 



J >J 



^ . ^ 



}jl>l!j uljjlji*)! (Sic uUuLul 






Pj x v, = RxT { 



Tl = jV^ = 620xlO-xQ.l =216 ^ 



/? 



287 



r 

I therm ~ „ 



0.4 =1 



216 



.-. T L = 129.6 K 



COP, 



129.6 



>'<-'.f 



T H -T L 216-129.6 



1.5 



:x_<-uLlII JljjjJI (— >lj>i 



Ht 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



gSl^lj ub)l^tll (Ua uUwLul 



4_cLc cjLLu_Lj 







cj\jj>i}\ JLSjJl CjLu-uLjjI £- A-La-LmjJI CiLil mi^IIj CjLLuIalll *lj-»-J <Llo_l^= (^yic ajjJiilj (O^ill tdjlJ^fcll 
.L-O^u^slLIIj Juj_uJI (JL^ta A- <— j "' ' "*>n <-iU3 (j-uiaja 4_)jlj^>JI L^=3_Lal_L)jJlj x-jl^J.1 L^=i-L) L^nj_a^ 

■•<_ y lc- Ij-il^ i— ijaii! (jj^-ij 2 jus-jJI ojuk ijL^J Jiic 

■ pi t i"i2 lj Jj^kJIj (Jjj^sjjJLi sjIj^kJI (JLajjl ^_ a Ia_Li ■■ Jl OULuialJI «.Ijj>-Jj (<s^2 . ^ 

.(_kjJ^3Ll!l 9 

.h (Jj3j>JLi 2jIj^>JI (JLajjl (J^aLta 4_uj-£>lj 4_ukl_a . £ 

.<L»-j)jJLII <U^sL>. L4-1 1 i ua. 4_uLi^=aj *jl_a-aJLJ 4_uLjj_loJ1 ^^^sIjJkJI <13jjl>j .0 

jj«^— il , ,,11 xjLU , La » i a <_il i n^-j CjI^LojjU.1 a I JiitTu-u Li i La » i ia 1 1 ^uLi^j i_)L-u_>. 4_lAj.^=) .1 

4 ^— j — " { I J-jljIl 4r <jr^_H>^ 4-1 -it-*- J jlj a'm^M itaLta CjULtiLaj .V 

^j-a ^j^— > -y" ^QJuj *'^J' l£J'-? j9 J l^jju^I ^_ *-jLtl (juj-u 4^b_uj i La » i ia 1 1 ^_ i aAJI t_il i n~>- .A 

(j-uJaJ J^— d 4_ujj1_LU 7"j'j-l'j dl Lse-uaJL I jLll>-1 
.i-flJlitil L^jIjjJj Lg-La I a ■•- j L$3^?L». £_ ^^^— -^"1 *_' \j aj llII 4 aJaJafl (jyic CjLJLijlaj A 

■ 4-flJlJei,l ly]L^=» iSil IL. JiAIIj SjIj^kJI ujL^ls.. ^ * 
Jj^jlII S a-Lajf IL. 4_uaL>- 4-lL. oLS-lxLaJj CjLiI ui> *Ijj>.Jj 4jjIj^>JI L^aLxaLbjJL! JjVI (jaJLUI.^ ^ 

.(_ajj^=LlII a 
.4jj1j^>J1 L^a-LaLujJLI (jyJliJl (j_aJLUl ( _ ;r Ll oLS-LilaJ *lj-^-l. ) Y 
.4jj1j^>J1 4 se i >■ 1 1 j 4jn.^IU| *lj| J^sLtaj 4jj1j^>J1 a*La^=Jl ujl ma..^T 

■ 4-LmljJ kcLiM YA 

.Mr. 






*>i 



\ . \ 



jjljllj uLjjIjje) I (Sit uUuLui 







.sj-a (JjV CjIjL^JJ f -ia- > - (jyic ujjJljJI 






)<\t 







JLiljJl IL. <_)jJ_lU 4—lmjJ) La J ^— IL. u S-txLaJ s-j-^J- (jr^ 1 OjJla.1 JJ-<UI IIx_J 4j mljjJI 4_LaiJI (j! 
^_ i~<l Sj lU'll q " J ' ' ^~* 4 loLflLLa pj_) e Jlj>-jJI <?Ju& ^_ .<Ujlj^>JI <*— Lj-al *»■ U| a *_j|jJJ L^=hj_) L^=n_La j 3j!^>JI 
< *lj-JI i—a-Lj^aJa Jl-J_>_lLJI (JL-stAJ 4_J9^Lc LJ '**" S-i ■ W*»tl p fc»» * ^j ^— ." ^jj ^_cjj Jl_2Jj jjja^aj ll Cj zLsJkl 
(jaVI p i u-£j| ■ ^ a .a! in<M 4jj^G J I 2Jlj>-^JI lip i ofl Jl^Jj .2^ i*iiLi-a j-<-g. jl 2j_i1uLl« 4JLj_LaJ tillj (jL^= *'j-" 

cjLjj^jlIII ^j^ « * 1 '^^ ij «Jlj>-jJI ,Jj '^ a (j_a J <^3 J^— » 1 2jlj^>JI (JLajju j^^oLjkJIj l5j * O^? 1 ^' * '•"••-^ 

j-^=JlJ (jr ^=Jj .aj_^=JLi,l CjLLulalll (<u£2 (jy Ll ujjjtlll JlC.L_uJ ( _ 3 jJI (j-uljJillj Cj^taLsJUj CjLs^LlJIj <LaLJI 
4_iljtj ^_ 4_l!us2l ^j_a 4_£.jjjja^j (_)-><-> 1 <o^ CjLjj_ksjj (j^'j-^ 0~° ^ *»'*" L-a Jj-ulaj (JjLuo j_<kj I iJaJI <— ijJlJIII 
jl * N j a i ' (j"^-> ' J-2J ' Jj ^J Lr^- *— 'J^- 1 Ly-**" '. CjULuJaliJl ^j^a IjJlC I *^~'j" J^2Jj J '-"^ J^~ uj p ■ a2Jl 

cL—ILTJI p m-flJIa x_jIjJLI I ^~~ , _^-'.;i ' ^sL><ilj j^jLTJI p i a2J\ 2— ■=* ui2n tip Mill LlLt£ Jl2Jj .4j_uj_L« a JlcI um 

.ajjIj^kJI L^a-Lal LjjJL (_^aL>Jlj 

i <\l UI1 1 /vl ;^—,j~ \ _, ^ »~ ^_^ j_1Jvj V ^JlJIj i"<t ^j lU'll ( j_xj I_Lj>. (J—iia jij^>-j ^j_a «_ i-a-i V I jl_a J j 2 »" 1 1 



>He 



iwLeuLiuIaj 



*M 



\ . 1 



}J!>l!j uLjjIjje) I («i£. uUuLui 







aJjulII j la ' "'J.' t _ / ^ J '« » 2 Jl>-Ij 4_2_Ja ^j^a ,jj^~~ » a jl Jl>- <JM->- <J-u^jjJL> sjIj^kJI (JL2jjI (JjuLA .Y 



_ k A (T,-T 2 ) 
Ax 

AT 

q = lT 

.jl JL>JI aJiU 4Jjlj^>JI 4_sjUUI ^Jb R 

thermal conductivity JjaojjJL SjIj^kJI JLSjJI J^Lta jf < k ajljjaJLI SjUI IAuoja i_3jju .a 

.a Jl>-Ij < ^3-<- a 4-3>*J-S jj~** ' " L^- 1 ^J'J^*"' 
<U.}L*Jj A La i ul aj ■ Laj» ) d)l 2 da 2 JlC ^^ys ,jj^~~ » a j' J^>- (J^L>- Sjl >»«JI (JL2jjI (J jLta . £ 

" i=n+\ 



Ifi 



i=\ 



AjjLiil 4ia i ul aj (jyiaju £s^3=ja 4j| aja ■ u| (J^L>- (J-u^jjJL) SjIj^kJI (JLSjjI (Jjut-a .0 

Ar 



<? 



/ n 
. 2nkl , 



iljULil 4 La i ul aj /— Laju d)l 2 Ja 2 JlC ^j^a 4 ja ^— » a «LJ| ala ■ ul (J^L>- (Jjj-s jjJ u SjIj^kJI (JLSlbl (JjLta .*\ 



A7^, 



? = ■ 



/ R i^Jt AjjIj^kJI CjLajJitl pjjj-^a i«L^: 



Ml 







. Jl>-Ij <jL>oI ^_j j 2j ' ■■[' SjIj^kJI (JLajJU /,*!♦ t I jLa • 

.4jjIj^>JI 4-ajLH.I (_^J-*3 IjLa • 

(j"4> 2jlj^>JI J^Tuj <_Ll> .-30 C Jtlc J^^M •»■ U,..tlj -10 C »jlj^>- ^>-J-i >-*-*£■ 4_ptLaj-u Jl»-I jl Jl>. • 

^.' J^' 1 J^ 1 oLi>" 4- (^) b'j^ 1 JLSlil 4- ( ' ):i*iljJI 2j2i\ ^ La • 

•Sjlj^JI L^Mi- J£u3 Jill i^L_J.I yi La .0.01m 4^-.o,, l j (1.5m * 2m) cdLui • 

:J-1I 

l_£l Jl-lC (j^aj_JI *_a j.iATlj V ajlj^>JI (JLSjjI (JJlJL^j 2jIj^>JI 4_>-jJ (jl 0\ 1* a j 2u mil ajlj_>JI (JLilll • 

.2jlj^>JI 4_i3 J 2j *" (_£JJI i La i ujJI (J^L>- a ttrt't 
(Jj-j-a jjJ I (J_aLi_aj Ax 4 *— • t - jl Jlj>- ^_ }Li_a .ajlj^>JI tju^ ml 3-iHI <LajLLa jyi AjjIj^kJI <LajLall * 

Ax 

. ( _ ;r 4> AjjIj^kJI LajLoll (jLa A ■=> -»■ La i u <L>-L_a>aj k 4J (_^jlj^>JI 

M - 

tjjl (_£l ' £," -> La 1 all jj 11 - 1 sj\>->»l' ^Ls-j.} 2— (3j^JI (j2 dJJjj SjIj^kJI (J 2j *"' («Jt-l • 

AT = -10-(-30) = 20°C>0 

.^JliiJI ~t-,..tl JJ Jj^l ~U,..tl ^ JS'Tit SjIj^kJI j-l>^ 4jjIjj>- AjlsIj SjJ9 ciJi_Li±> (jLa ^JLlJLij 
4_ IjlsIjJI 2j_UI U_Lu 1 AT sjlj^>JI CjLj-jJi '2- Jjj-ill ujJb SjIj^kJI JLajJl '2- 4jjIj^>JI 4jlsI jJI S^aJiJI • 

.AV = Vi-V2 jl a*»JI 3> (^ t^i^aJI jLall oLj>" 

4-»-J-} OjlSj I jl jL>-lj^ILa "J^— ■ t " jl Jl>- (J^L>- (_£j_<_uJ jlII SjIj^kJI 4_i_a^= ^-ifc ajlj^til ioLtl 4_JL^5jjs • 

. <U_aILa «Jl>-Ij 4-^-J-S 4jjIjj>. 
IL. Jj_LaJI (j^J ajlj^>JI JLdjJl oLsol ^lc AJjij-a-tll 4j>»I (.nil ^jfe ajlj^>JI LJ^L>- (_Ljj-<3 ^jjJI is.L-al.l • 

A=1.5*2 = 3m 2 
^•jj 4^-jl Jl^I o^= lij-3 cm 4 ^-iom j 370 W/m C 4J ^jlj^JI Jjj-sjill J^Lta (ju/Utill j^s £jJ .Y 

JJlJLA jL^jl.lmVjJLII geJa ■■■ A^Lt^a J 100 CJlJ£. j-i-^M < ^>ll j400 C »jlj_^ A^>.jJ JlJ£. (jjjLstill 

uUUI j-jUI J}U Sjlj^ll Jlsi.1 



>HV 



4*LcuLiubj 



jjljllj uLjjIjJs) I (Sic uLuuLui 









9 = 



fcAAr 370x1 x(400 -100) 



Ax 



0.03 



= 3700000 W/ = 3700 kw / , 



m 



m 



Jl 5","il J.t )U9J j|j -*lt 4 jjlj jJI 4 ajlaXI ' ....^1 < 4^1^ 4^>Lj jIJl^ JlUf ^JJIj (jjllll jl JlJ>JI i|_ .V 
JjLtll i<l pin J 15 cm jl JlJ>JI i'I urn JlJ«. .jIJlJ*JLI 4jjIj_>JI ^^—j.'r.tl ^.i-ujlj *_jj_aj^« ,J==J SjIj^kJI 

.5cm 



T.=38C T 2 



Jj^ 



T 3 =- 2 C 



k=0.04 



k=1.37 




r JWIO -o) J==~i 



i ?1 = A ^= a05 =1.25°C / 
fc, 0.04 / 



tv 






tf 2 =^ = ^ = 0.109 °C 
& 2 1.37 / 



W 



.-.(/?! +i? 2 ) =1.359 °9 



W 



A7 38 - (-2) 



: q ajlj^>JI (JLajjl (JjuLA (_il i n*«it 



R { +R 2 



1.359 



= 29.43 w / 



m 



)<\A 



4*LcuLiubj 



jjljllj uLjjIjJs) I (Sic uLuuLui 







Jj i^>jlll J_«Ltsj 9cm ^^jLkll 1 Ajialj 5cm ^^iJ jJI I *jU (_J ,^tl J^J^I ( ^_a ajj-^La . £ 
Lj>UlII (j^a (^3-LuJ! *m J all ajj-i-uLU oJlj»> ajiiel^uj . 43W/mC i£j\-u^ i_JLaJI JyjLstll ^jIj^kJI 
ajlj-a- 4-a-J-iJ 40 m ajj mUH Jj-Ls jl ^- > lil ^j ^— j 1 1 I a xt^=3uJI jl 0a. IL. iftir r.n'tl CjLalo JJ 
S \j ^ A 1 1 3jlj^>JI (Jl fllJI (JjuLA (. 1 1 n^-l <40 C (^ya-jLaJI I J~»^ i u <»j|j->- <L>-j.iJ 70 C (^yia-ljJI L^aeia-m 




i JliiK Y_o)J^i 



•tcM 



•;jj,,.l <JJ jLLaiVl i al Laj1 



/; = 2.5 cm 



r 2 = 4.5 cm 



:<LlJLjJI <U.}LsLil jjjfl ajjj-uUJ (j_a ajlj^>JI (jljJlS (JjJLA i 



2^-xytxL(T 1 -r 2 ) 



2;zrx(43)(40)(70-40) 



324212 .36 
0.58778666 



111 2.5 



551581 .7 W =551.582 kW 



)<\<\ 



4*LcuLiubj 



jjljllj uLjjIjJs) I (Sic uUuLwi 







jjiLu rjL>JI (j-a iljj^alcm L^=la«jj 5cm ^^jLkll 1 *j U« (k = 54 W/m C) i^JLaJI ,j-a Sjj^uLa .0 
I O^-io.. .j (k = 0.038 W/m C) ^jJ^I SJjl*. SjU 1 ^ m 6.4 cm l () ^-,n,,.j (k=0.149W/m C) LIjLc 



^^jLkll Tela mil ejlj^v 4-^-jJj 315 C ojj-i-uLJL! Cy i>.ljJI Tela mil ajlj^*- ^>-J-* C^JL^s lit .2.5cm 
(lm Sjj^UI Jjia Jii.).(^-IjUJI LTS> (>=U!I gcJa-uJI Sjlj^ ^.jJ lm.^I t 38 C ^liJI JjUU 




o jiiui ( r _ o) j^=^ 



:J*1I 



ajjjj/Liil <LjjIj^>JI CjLajLail zjl i.mi JO . (j-uIjL«J <Uj)j_*_a ajjjj/U.1 (jl Tciis I j -(J'j "it I ^_ J^— ■ mil j-ts-il 



r, =1.5 cm 



r 2 = 2.5 cm 



r 3 = 8.9 cm 



ln^ 



/?, 



r 4 =11 .4 cm 



• j'iIjU , ,.VI SjLs <LojlJLa 



In 



2.5 



2^L 2^" x 54x1 



0.5108256 
339.292 



0.00151 



t . . 






In- ln M 1 26976 

R 2 = 5- = =^ = =1.3563 

2;* 2 L 2^x0.149x1 0.93619 



In 7- ln^ 0.247562 

fi, = 5— = ^ = - — ^- = 1.03686 

Inxk^L 2^x0.038x1 0.238761 



Y,R =0.00151 + 1.3563 + 1.03686 =2.39467 oUjUJtl £j*** 

AT 315-38 n _ w 

a = ==, — = = 115.65 W 

£/? 2.39467 



7; -7; 7; -38 
4 = 



r 3 -r 4 _ r 3 -38 

tf 3 ~ 1.03686 



115.65- r3 " 38 



1.03686 



.'. T 3 = 157.9 °C 



t . s 







.Sjlj^til ioUJ 4_JL-i5j^a (^Jk La ?"j-^l . ^ 

: I jl 2jlj^>JI Lfet^ J 2j *" (jP-II <L*.l i nU (JJ _ii> La L LJ_als J D 1 Aj LaJ3 ila-o^a aMjU , „| .V 

.(^jLkJI 1 (jtUi.i J>c • 
.«jlj^>JI LjJ^U- jZLu ^^lII a^L_uII f^jt. La 0.01 m <a^-,,y„ j 2 m «ui>c j 1.5 m 4J5L LilL^i . £ 

j 2j mil SjIj^kJI (jLj_ij/ (J^L>- jjJuj jl Ju>JI <_L>-1-} SjIj^kJI 4_l«^= (_Li> j"i i u a jl Jl>- ^_ .0 

.uSa 2 Jl>-Ij ^ 2 da jj^a jl Juso AjjIj^kJI A^ajLoil ^^1*3 I jLa • ."^-»l .*\ 

j-jj A*.jT Jl^I o 1 -^ 3 1*1-3 CM ^r- j 370 W/M C <d ^jlj^-JI <_L_^>i}1 <>L^ ^UtUI ^ ^aJ .V 

JJl-sl* jL^-jl.lmVjJLII geJa m A^L^a J 100 C JlJ£. J^-Vl ^.j^aJI j400 C «j|>^- ^J-> -^- <j-"L^e_L!l 

j_<kjJI Jl_jJu»JI <j_a » } i^ia jl Jl_3- J}L». SjIj^>JI oJl-i4> cJLflTuI Ijj .SjIj^kJI <j_a 54kW (jj-2 ff "' 'J ■ 

d^Li I j) Sjlj^JI L^M^ J.2I23 jsJI i^LuJLl V 1 ^ 1 8.4mm j! j^>JI ciU^ <jL^=j(k=50.5W/m C) 

*lj-JI 4_l>.u (j_a j I Jl^>JI TcJa ■ ■■ »jL>- 4_»-jJij 135 C (jj_ill 4_l>.u ^j_a jl Jl^>JI 9cJa ■ ■■ ajlj^>- A_>-jJ (jl 

.124C^jLkJI 
(_5jlj^>JI Jj-usjlII J_aLta j93 C j 370 C 4_i4>.j Cr JLi ajlj^J! cjL*.jj> j15 cm 4^-imn ^^L^j ^jJ A 

.rL>-jJI ?-_aJ J}L>. «jlj^>JI ujL^aJl Jjut-a Lmixl .lm 2 4 — 1 — i^L_u^3 j K=0.78 W/mC 
I j_<k J}L>. 2jlj^>JI Lifej-j£. J 2Ixi ^pJI i^LcuIl ^^ La .0.01m 4 ^-.q... j (2m* 1.5m) ojl »4 <<tl . r.. .) • 

. cdLuSJ! 
aLjVI Jl^I 4— 0.3m 4-^=l^^ j 6m 4_^>c j 4m 4J^L (k=0.8 W/m C ) <-ja LaJI ^ fjl^a-a jl Jl^. . ^ ^ 
4- j!j^>JI J>Li^ SjIj^kJI JLUJl JjL^a c-cca.^1 6Cj 14C j!j^>JI ^ ^^,„ ^^ Sjlj^JI oU-jji aJL^= 

J_«Lta oL^= liLa 3 kW Jjljl^j 2.5cm I j^-.q... jlm 2 L^ivLt^a SJjLc 2 jLa J>L>- Sjlj^>JI J ^"" . ^ Y 
.2 M\ J>U. ATSjIj^JI oU-jj, 3j^ (.,, ,,^1.0.2 W/m C JjLJI SjU ^jIj^kJI J.u^jUI 

( j^a 4 2 j La ! I tfjuk i d p. ii (jl-^= I jl. JjLJI (JjJkJI i-Sj-C. 4- Jj^*^~- C^ajJtlij/l (^^Lj-jJI i hjjuaj I (j^a 4 rrjVi . ) V 

(^j-Lj-jJI i_aj; t^all ^jIj^kJI Jj-i^jlII ,_LaLtaj 85C L^jJL>- f^Ac Sjlj^>JI cjL*.jji 3j^J 13cm JjLtil 

_ t .t - 



A4U. uLiuIaj 



jjljllj uLjjIjJs) I (Sic uUuLwi 







J^=J JjUJI LLtla J}U* Sjlj^J! JL255I Jjl^j.JjUJI SjU ajjIj^kJI 4-ajLai :,.,,, ,^I.O.Q35W/mC 

. Lj-La <L>- \ i na o Jl>- j 




(j ii j >JI j j_lj>JI jj_a 4 S-Jq 1 j«j"'"'( k=0.7) 10 CIT1 I j^~- T " <_sj_LaJI <j-a 4 Sola (j-/a i . ■ ^— j a Jlj-<-a jl Jl>- . ) I 

Sjlj^JI JL^ul Jj^-a ^LSi)! ( k=0.065) JujlIaJtl aJjUJI Sj.UI LiUui ^k La.( k=0.48) 4cm 1^-y 



( lm jl j^>JI gJ — o^L^a Jl».) .80% jl jJUj jl j^>JI I juk J}L>. 

lm 2 «iLa&la • ■■ 4^l_i^a j 17 W/m C 4j ^jIj^kJI Jj-t-ajlII J_aLta j 30cm <L^auaxji ^jlm^a ii.LLa-.-u j\ Jl»- 
Jls.1 «jlj^>- ^>»JJ £iJL4= li! j|ju>JI |j_4 J^Li. JojLojjJLj 4JL211XI q ojIj-j>JI JlZuI Jjm-a (. iin-wl. 

10 ^L^a (^ Sjlj^-JI ^L^-jJ c-^o.^1 L^jf 50 C jJ>3\ ~^ ,„t l Sjlj^ L^-jj, j 250 C ^t, ... 
.100 C J AjjL-u^a «jlj^>JI *->-ji jj^" Lkjili. ^pJI &l 1. n 1,1 j ^>-LflJI jIj^>JI jji 25 cm 1 15 cmxm 

4 ajla jj a pjj ua*a j 0.25m 4 ^-» t u j 6m 4 i^j-C J 8m 4 J^is 4 j 'j j^~» 4 Is Ji3 j j J[j La lJlS u 

c^JL^= »1" Mill (jJLJ (JJl^J 4- 0.8W/m C i^jLl^j ^? ^jlj^JI J-u-ajlJI <_LaLt-a 4JL-ujJkJI ^ 4 — 1 — a 
ijIjlSs Jjm-a :c_Lia^l .10hr «jJ. j t_^H>^' (jr^- 15C. 4C Ji.|jJI j rjLkJl o-a 1 alLial] »j!j^*JI ^jL>-jj> 
<_> ^Lu pL^^aJI dJL^= I j| Sjlj^-JI Cy* (jl JlIAJI LiUj 4^1^=3 < iLUI LiU3 4- cLL^JI J}U. 2jIj^»JI 

SR0.3/kWh 



.^0 



,n 



t.v 



iwLeuLiuIaj 



*M 



\ . \ 



}J!>l!j uLjjIjje) I («i£. uUuLui 







i^lUI J'^M i^a^Li- 



. 4 ii I" at U d)l 2 Jail (Jjj^sjTJI CjLajlJLa p^jjsia 
2j Iv iVconvi - ' - Kcond "■" K C onvo 



/? 






Ax 

(Jjj-ajIlILi «Lul aJa i u| «Jl>-Ij 4 2 da <LajlJLa • 



/? 



L'\7 



/? 



In*- 

2 Tiki 



1 

/z xA 



(JjwJI 4_ajlJLa 



:4_JLUI 4_Jj>L«J,l 4Ja-mljJ (jrlaju JjL»U £>>JI li-U-u 



t .i 













J-g-t-oj 270 K L^jjIj^ ^>-j-i 2jjb £jjJ (k = 0.7 W/m C) j 10 cm d^ .„ i_jalaJ! ^ jl Jl=- ^jjlL . \ 
ojL^y «jlj^>JI Jl SlJl JjLj«-a t-j-t^i^l t 10 W/m 2 K ojl jJLj J_*j>JLi SjIj-^- JLSlil J_«L*-sj 330 K 




^JliUI(V_o)J^i 



,J_«^>JI 4_/ajLiLaj < 'j la] I 4_/OjULaj 4 _ t L>-IjlJI ,J_4_>JI 4_ajULa : ajlj_jeJL? CjL/ajLiLa 4_j}1j i_LJL_ui> (JLjJU I J— it £— 



'• igjl i n"j — (—A (—Li-ljJI (Jj^j»JI <LajlJLa 



ft, 



— = 0.025^4 
40 /w 



** = ^ = 0.1429% 
fc 0.7 /w 



/*„ "To 



o.i 



' ' i ia La 1 1 <LaalJLa 



•.j^^jLJkJI -SjLlJI *'_^iJ' i-ajL^a 



■ . ~ 1 1 a a I si t 1 v-ajj_^La 



^tf =0.025 + 0.1429 + 0.1 = 0.2679^/, 



t .« 



4*LcuLiubj 



jjljllj uLj>Ijj«)I {tie uUuLwi 







= £-£) =330-270 „ 

^tf 0.2679 / 



m 



50 C ajlj-a- 4^-j-V 2.5 cm <_,!>. I jJ I ojlaJs j_a>j_!l jjju»JI ^a fjh^a t-jjajjf J>L>- *UI iSj-^ .Y 
JxLojlil JaU^j 0.8mm cjjjiVl iiU*- o^= I M -3500 W/m 2 C J*^iL> Sjlj^JI JLauI JxLmj 

^^jLkll *I^JI »jlj^ i^jjj 7.6W/m 2 C (_y».jL>JI j^»JI J^stiJ »jlj^>JI JL2jJI J-aU-a Jl>- .(-j^jjVI 

.20 C 



:cM 




"convi ' cyl ' "convo 

YJl!UI(A_o) J^i 



(Jjj^hJI <LajLiLaj < s_a-u2l o jLs <LajULoj $.1-4-1] ^^Ai-I jJ! J^jkJI <LajlJLa : ^ aj La * 1 1 oJufc £— CjLajlJLa Aj^\j i-llLufc 



1 



1 



fl =^ = = 0.00364 °%, 

/j,A,. 3500 x (2^x0.0125x1 /w 



:i_)a_u^f! <3_}La <LajlJLa 



t . t 







111— In 0.0133 

fr = 5— = a012s =0.00062°% 

2;rx£L 2^x16x1 /W 

/? A o 7.6 x (2^x0.0133x1) /W 

((j-ujj>. 21 (j-LLajlJm (JjfcLxj j^~~* i ' <^^>- 4 j ' "j\>^' 
AT 50-20 



^tf 1.57926 



= 19W 



lij ( M'itl) j ; l,..tljlj,..tl^ ^Ij^tl jis-.M J j^4 J.2AJI4 S3UI4 j l.^t l ;.,,.-,, .,..^1 .r 
.0.03W/m C 4J Jj-usjjJL «jlj^>JI JI_2jjI J_aLtaj 10 mm 4 ^q... Sjj_u<m J>^ JjL-^- £-*-^J t«^ 

.LjjIj JIaj (^JL^IjJI J^^kJI jl o^j-s' 

.JjLtll 4_ajULs iaLisLi dlljj CjLsjULo <UjjI t-dLufc aJUkJI ojuii '2— 

.j_iilu (jJ (_ y L>-l jJI (Jj3_>JI <LajLiLa 
■j-iAlG j>J Sjj; i ii LI,! oLa 4_«jLiLa 

:(JjL«JI <LajlJLa 1. 1 1 n-s'i 

tf,, s = — ^^ = ln ^ =2-9745°% 
InxkxL 2;rx0.03xl /w 

.Cj^jJlJ (_i^jj^U (_j>-jL>JI •»■ La i -<tl <La»l . u a JM J '«"'" i u <y>-jL>JI (JjusJI <LajLiLa 



fl = — = =0.89877°% 

h A B 7.6 x (2^x0.0233x1) /W 



Sj^j-u/m i^ya Sj|j_>JI jl JuiS (JJula 



AT 50-20 „„,„, 

<? =^^ = =7.74W 

^R 3.87753 

t^jl i ill jl .^.^'tl 4 i i ii < jjj 

19-7 74 

ji^ii// = '— = 0.5926 = 59.26 % 

19 



r .v 







iM US 






J* J •V a - 




T 2 T 3 



R„ 



R 



cyl 



R 



j> 



cr^J <-sj^-=> 



R„ 



rjiiiK ^_o) j^i 



i^.jjj 5 cm 1 Aj U 5jj_^Uj i Laj jo ^JJI (k = 0.17 W/m C) (j^u-itu-mMJ rj-^JI ' f U mtl <-. r»-»»l . I 
3 W/m C Jj*j»JL) «jlj^>JI JLSliJl J^sLtaj 20 C «Gjlj^». ^j-j-* *'%^ ^sjjl^j 200 C 1 j-»-t-,„ »jlj^«- 

Tcla ■ •■ ajlj_j>- 4_»-jJ 0_lL^= I jl (JjLc ^jjj^-lj (Jjl_*J ajj—ij/Ltl ^j_a ajlj ->tl (jl J * a (Jj^JLA (_ i i n^-l . 

.200 C Sj^l-UI 



JjLJJ rj^*JI i-iU-uJI c_cca--vj 



r =- = — = 0.0567 = 5.67 cm 
h 3.0 



, = V^ 

ln^ i 

—5- + 

2nkL 2m„ xLxh 



(200-20) 



J 5,67 
111 2.5 



1 



105.7 



W, 



m 



2^x0.17x1 2^x0.0567x1x3.0 
_ t .A _ 






*>i 



\ . \ 



jjljllj uLjjIjje) I (Sit uUuLui 







4 =^xA(r 1 -rj 

q = 3.0 x 2^(0.025) x 1(200 -20) = 84.4^/ 
,Jj»JI (jLa 4-lLc i ; jj.'^~- aj^ujj «jlj^>JI JLSjJI Jjut-a jj^s j|j jJs ajjjj/LJJ JjL«JI (2>-a 3.17 cm iaLisI (jl 

.(JSl (Jjo-ajJ (J^aLt-CJ i^js>-\ 2 jLy (JjLtll SjLa j_uJu jjfc 4_JL>JI jut £_ (J!u3 VI 



r .^ 







.q sjIj^kJI JUtlJl Jjut-a i_il mjJ itaLta <_<I^=I • 

j I Jlj>- j 4mm 2 Jlj>-Ij J ^— > I'Um r-L».jJI ^j^a £_"" 2 lL> jj^a ,jj^~~ » a j' J^>- lJI-1 2j'j^>iJI (JLSjjI (jjLJ9 . Y 
4_p^u ^j-a) i— 3j)j_ksJI M-n-fl-i Cj->iJ Lltiisj Rmml j^— < -y ■■ r-L».jJI ^j-a aJt^-lj 4.Ji-Lk> ^j^ (j J ^~~* a J ** * 

( r-L>.jJLI (_£jlj^>JI (Jjj-ajjJI (J^oIjla j 2jlj^>JI CjL>-jJ 
(^^-jLJkJI J_«j>JLi 3j1j_>J1 JLdjJl J_aLta jl ^— I jl . »lTi_JJI J <^*3 iL. L-* 3 ^J-^- (j- j' ^- ^=*" -^ 

. 7"J-^u' .«(J^>- 4-u.l? I 2jIjj>- 4^»-jJ ^j^a I Jl>- 4.UJ-2 «GjIj_»- 4^»-jJ (ja^aJ £m -»U , „tl ^| 

t>i" lila <>__) pj ^j^s (k=0.035 W/m C) ^ aJUl r-1 >.jJI ^ a fjj i^a a_^>Lj jIj ->■ . I 

JJJj> 2jlj^>JI a^jJ c^JL^= lj>l 1 mm 1 o^a SJl^Ij J-^= ilLm (k= 15.1 W/iiiCX>lLuJlj^ 
j 4 W/m 2 C l^jUuj e^-jUJI J_^>JI j ^1 jJI J_^»JL> Sjlj^JI JL2il J-al^a j 3C **>£]l 
eJL^= j 25 C A^Miil 4_j^ ^j3 ^ JJI ^c-lLII SjIj^ ^.jp c^Ij= I jj. c-^HI ^ 9W/m 2 C 

(k=0.15 1mm a£-*^... ^^^ - -■>< .' Jj 1 «.' (j, taiLa 10 m d tjU, j7mm j U3 ^| ^ ^-, ,<|| ,„ .0 

j-^j |jj . 8V j^>JI 3j^ j 10A i^ll ,«tl JM^ ^ :jj^" jLuil SjL-i d^iL^= lil. W/m C) 
j^-jf h=18 W/m 2 C 4J J^JL SjIj^JI JL2il J_aU^ j 30 C <Gj1j^ a^-jj, la-^j ^_ dJULJ! 

k=400W/mC^U t ^l t >a^lu a xc_i^u^l • 

17 rm ^^jl-Ltl , ^'jjWI jial • 

.<_i_oj-> 21 (Ji>-I J 1 10 °C Jtlc i> ( i"i a jL>J \^j 1 " ; * 

. 30 C «Gjlj^»- ^>-J-i jl^— a 4r fj-^J-^ h- 1 ,^^' * 



r^ . 






jjljllj uLjjIjJs) I (Sic uUuLwi 







15 W/m 2 j 10000 W/m 2 "C^ ^jUJI J-a^Jlj ^IjJI J^»JL> SjIj^JI JUiil <>L-a • 

.JIjoJI ,> C 

. 5cm JjUJI tiU^ • 
0.2 W/m "CJjUJI SjU 4_JL=>« • 
. 120 °C Sjlj^- ^j^> (k = 15 W/m °C>-J-n*II j^j^J\ <>a ^L^a c_sj^l J^.1 j ^L^l *UI i^j-^j .V 

^? ^ £aj t>_«-a i J U mi JjLc J-^sj o-« Jl^ • 0.2 Cm (_ij_u^l i.LL^ u j 1.6cm <_sj_±J>U ^^iJ jJI j La2]| 

<jL^= Ijj .25 C^Uj-^U SjIj^kJ! 1>.jj> jj^" L«J^ 40 °C JjLjJi ^jUJI -k.-tl Sjlj^ i^-jj ^juCG 
(^^jLkJI J_a^>JL> «jlj^>JI Jl SlJl J_aLta j 70 W/m 2 °C l5jL-^ ^yl^-l jJI J^>JL> 3jIj^>JI JLSlil J^aLta 
3jlj^»JI JUii! J-aU-a iSjLuuj ^JJIj ( ^^ ^U.j ) ^alkl.1 JjUJ! tiLw- c-c.o.^1 20 W/m 2 °°C i^jL^j 

. 0.038 W/m °°C <d J^jlJL 

J_^= i Mam (k = 0.13 W/m °°C) 4jjLc «JiLa jj-a CjULlL (j-u-a^- jj-a 4Ja^=La(<J^=iA!l j-taJl) ^jTlJL i ^t^«^ .A 

^jIj^kJI Jj-i-ajlJI J_aLtaj 1.5 mm I ^^— n — CjULlLJI oJL_di (>_i slj-^J! <j-a 4_iiLa aJLlA .0.1mm aJLlLs 
i^Lt^aj 28°C LfcjjJs i ^«-|lt (^^1 jJI gJ — ?l Sj1>»- ^>-j-i u' o^Lm^ -0.026 W/m °C l5jL^ *l_a^U 

ajlj_>JI 4j>.jJ> jj^— ~ LajLJ£. I alaJtXI J!^L>. ajlj^xJI <jljJi3 J Jm_a e_^>-l 1.1m LfcjjJS I alaitXI ljufc pda-m 

.25 W/m 2 °C l$jL^ ^jUkJI <>^1L> Sjb-^ 1 J 1 ^ 1 <>^«J -5 "C^jUJI 




A |3jjU"tl ( \ * — o) J^i.t. 



n ^ 







jjUlLSoJLSwW 

ijj^l Jl^lrttl 4j*2>}L>. 

■>! < >.aLt^3j| («-^>- (jr c -3-'-j' t*^*^'"' •(*- : * J> "' 2jL».a OJJ 3^ (jr^^J-^' UJ3^' ■(*- : ! tJ> "' s^'-J ** '"'^~~' (--& A^Q^adl 

jl ju»jl ( _ ;r Li (j^SJI jL^j-J yjl i^-jjiJI .*UI ialj^= Jl oUI iali^a 4j(n'< ^^ 4jj i.i<'t\\ ^'al".^—tl .2jU,| ^ 

aal",^— tl JJ i>.jjJLI| 4 j mj /^Jb 4_uLoI_Li^=l!I i^jjJLII .i£.j_<_a]| 

: 4_!jJbt/3 '"*' ILuIajj ^jjjLcj 
j (JjsjJI jj^a 015m j ^o-jcj>J I j-lx-u* CxjjIj^>JI jj-« 012m <_) (^JLa Jl>-Ij < .»^-» a >ILa 4-»saa» s-ul . ^ 

a U , „y, 1 1 aal-,^utl Jl>.j! .1.15 kg/m 3 ^~.'al-,^u ^jj| ^1^ S LJ^| £_ *>jjtj>JI i-uLj *UI <>« 0.2m 3 

■♦^— 1 1 j" n lt plj-»-jl^^— tl . sUlj J-«j-!lj C^ulj^>JI ^al!i^3 Jl>-) i La ■ "j" 1 1 ^^^lll *sjjej>JIj ila-tiki! 

.y Ijlil u^ 997 j 1500 j 2750 

/«JJEJ>JI jJt, (jr CjiJI /<SJXJ>Jlj /OJE^kJI (jyic. i\~^— ' tl j^yjj) a'al",^— tl ^,j ^CjiJI AJJEJ>Jlj ToX'^^W LLflJjJU ^ys 

m = pxV 
m g =2750x0.12 = 330% 

m, =1500x0.15 = 225% 

:*UI 4|-,^-,j 

m w =997x0.2 = 199.4% 

.nt. 





Sr — 




P ; 




1 

V 


V = 


V 


1 




m 


/> 



iwLeuLiuIaj 



*M 



\ . \ 




}J!>l!j uLjjIjje) I («i£. uUuLui 






m a =1.15x0.53 = 0.61% 

m t = 755 % 

A = ^ = — = 755**/, 

:jl 4-1==l!I Z«\'-,<^\\ uj^ila ^jfc ^l^-tl ^yljjJI (0-==^>JI 
VI 3 / 

v, = -*- = = 0.001325 m / 

m, 755 /kg 



287J/kg iSj\-u±i sl^^il oljUJI CxjIj (jL== 1^1 ■ J "' a1 "'^^ <.<ui-». I 25 C 4jjIjj>. ^>.j-ij 1 bar <iUit'^ *lj_a> .Y 






Pi 



P 2 



p _ lxlO 5 
i?r ; ~ 287 x (25 + 273) 
p lxlO 5 



My 



1.169' -/ , 

/ m 



7?r 2 287 x (300 + 273) 



0.608 



kg, 



100 1/sec & 



0.001 Pa.sec (^jL^j Sla-pJll «jlj^>JI a^jJi Jtl^. *UI i^jjJj 



r =//: 






rfw 



dy 
r =0.001x100 =0.1 Pa 



nr 






*M 



\ . \ 



}J!>l!j uLjjIjje) I («i£. uUuLui 







.2.87*10~ 3 Ns/m 2 
fjLoJI Jj-oj-JI Vu^=3 c^A^=3 !jLa < 0.156 m 3 <l*«. j 137 kg LkiJ *_^Lj-a Jj^j-j aJi^= *_Lj .Y 

■ U;:lt ^tl jail, .■■■-I 11 3 .kg 

: <U.}L*JJ um> Oj^xja Jaj. Jl 4J|jJl>- ^j^a <_i^jj| ^_ j^Ltl (jlj^>. <Lcj_uj r-jjuj .T 



w(r) = w 



1 



r 



v r .y 



(r = 0)<_j^Vl j£=jy* 2_ 
(r = ri) (jIjJl^JI ju£. 



tu 



iwLeuLiuIaj 



*>i 



\ . \ 



}J!>l!j uLjjIjje) I (Sit uUuLui 










t^yJliJI J-^-^M 4j*s}L>. 

• ^tl-tl 2\ \i.tt . ^^♦j ( ^y^a-ub^uj^ ji-^JI .U:,mi ) j<^-.1 ,..tl .tltl ,U:.>> vj ^ • 

/? = px gxh 

• l_£jj>JI i La » i a 1 1 + ^jj/Liil i La » i ia 1 1 t_gjl i u < (j I La U ilaJi uaJI • 

. 4 a 1" se t, I \, \\^~ i .".1 i CjI^ILojjULLi LLaJLxiaJ I ^uL2j * 



n« 



4*LcuLiubj 



jjljllj uLjjIjJs) I (Sic uLuuLui 






6000N s^2J ^jMJl lyj^Jju 'j," j-SUl .t-.;.^ jj^j *£= .7.5 cm Uj-LS s^jIj^jua ^ljU,„i . ^ 



P 



'. t^gjl i n t 4J| aia i •■*' *_LaJia ^La»l i u a ^j^— Jj 



A =jxr 2 =fxD 2 = fx(0.075) 2 = 0.004418 m 2 



= 6000 =1358080 Pa = 1358 /tPa 
0.004418 

■J-al-,^ (_^ JJI (R-134a) Jj>j3 LLa-uoijj ^la 7.5 m <tc.La3j1 ijlji. SJ^-La jjrk. j^'j-II ■ '^♦■^ j-a> La .Y 

.1 MPa ^jL^j jlj^il jJa-u. tyk. .Ui.MI o^= I ij 1206 kg/m3 




Y JliUK n _o) J^=_i 



:J-J1 



tjjJ^-AJI -ia-a-C LJaJLia I Jtjlj jjIjJkJI rtim (jy ic J^ljJI it-it iMI i_£jL_uj ,jIjJkJI SJlcLJS j^yic *-3ljJI i la * iMI 

P = P I0P + Pl34 a = P top +(P><gX h) UAa 

p = 1000000 + (1206x9.81x7.5) = 1088704 Pa = 1088.7 kPa 

Jl>.jI .95 kPa IjJL (p^ajjLJI) i^j^JI JaJuiaJI j^uLLa (j1 (>l>. IL. 150 kPa .U;,ut| ^Lla IjJL .Y 

.jUaJLI.Ui.MI 

_ m - 







*>i 



\ . \ 



jjljllj uLjjIjje) I (Sit uUuLui 






abs 



= P g + />„» =150 + 95 = 245£Pa 



U 999kg/m 3 *UI iislS^ Jl^ .101.325 kPa ojaS ^^^ .U4.M ^l^dl *UI j>><^ ^Li3jl <.,,.. -J 



.£ 



:J*1I 



p = px g xh 

101.325 = 999 x 9.81 x h 

, 101.325*1Q 3 

:.h = = 10.34 m 

999x9.81 

(13600 kg/m 3 ^ J^jJI 4^li^= (j| ^ ) J^jJL. *UI Jbr.,,,1 aJU a. 

/? = px g xh 
101.325 xl0 3 = 13600 x 9.81 xh 



nv 



4*LcuLiubj 



jjljllj uLj>Ijj«)I {tie uUuLwi 







.jUJI ^ie. ,u;,mi 

o_«Ic li! (>llaii]l t>_i .U;,MI £_ |3>^I ^j^-j-^J f^ 4- 500mj 200m <Jac. ^l*. jl'U^'i . Y 

lOOOkg/m 3 ^!^^ j^lll *La £alfL^= j] 

d-al",^-, s La j750 kg/m ,d"al",^ LUA'i >LjLj/ i£><--vj l£oj>JI ,U: ,^tl j At" ^J y-jlla (jl>=*" -^ 

(jjiLSi! JaJLuaJI jljJLa lxud-UUI ^jSi 2m .UA:t| j^£. j3m *UI £*£. jL£= lili .10 3 kg/m 3 

.1 bar i^jL^uJ J^L^J! i^ft^JI ukjuiaJI jl UIc.jIjJkJI «Ji£.LJ9 ^jJ j I M I ilaJi-iiaJI j 




r jliUK u_o) j^=_i 

. J_a^ jJ! JlJ£. 5m/sec 4-e.j mi 15mm ajJaJa < taj * a t-j^o-ul 4- iSj-^ jj;j^^ Ju-u^af ^Ij . i 

JlJ£. j .20 C i_gjl mJ SjIj^kJI <LvjJ J 2bar ^gjl uJ ((j^/lJLa) J_ai>- jJI JlJ£. JaJuiaJI j^-^ 3 'M 

Jai L^aJI oL-^= I i| ■ 30C ^jLi^j «jlj^>JI a^jJ j 1.4 bar ((j^LLa) -t^» tiaJI jl ^ rj>i»JI 
ju ...^i (^Lil cjIjUlII dc_ilii Ju>..^j^>JI j_ ig, icj_i^JI <■( i.i-wl 1.03bar ^jLi^j ^j^JI 

. 187.8 t^jL^ R o^j^=JI 

*LI.I 4 al".^— Liisp^la .j_rejJI *l_a »U , .. c.<ai 2000m « Sj 3 La Sj JtJ£. JaiLuaJI jl jJLa c-pri-wl .0 

.(1002kg/m 2 )^jL^jJU! 

12m Jj-4-x-i xJij --lLsJLi _LcC ( (_)-uLim JaJt-LtaJl) ^i i nil! , U ♦ . >. U j Jj I U 1 1 i U« ,>.n jl jJLo (_ i i n^-l .1 

... uo>l .101KN /m 2 j^L^JI ^^Jl ,U;«MI jlj^a j 10 3 kg/m 3 *UI iisli^ jl Uk. .,UI 4_ 
.600kg/m 3 d".al".^u ^Ua". JjL-u 4- 1 bar ojl jJLa LLaJLia jJjj ^JJI <£**]! 



ru 



iwLeuLiuIaj 



*M 



\ . \ 



}J!>l!j uLjjIjje) I («i£. uUuLui 







lLsj -^tl <jl L*Li 800kg/m 3 ^ -,*l-,^u ^ Ua\ JjL^ 4- 8m Jj-aaj JJLUJ.I LkJuiaJI jl JlL« J^jf .V 

.0.97 bar j^UJI ^^J! 

13.6 ^jLd Llj^oIII J^jjJI *^^= b-ft-*-* 1 400mm <^c.LojjI J^uj ->>«-£■ • 
7.9kg/m 2 (specific weight) ^jiJI oj>^' I J^itLa 400mm 4£.Li3jl daJu -ij-^ • 



n* 












:*±JliLtl Jj^aAll i^s^Li- 

jLujjJIj (^^SjLJSj >_ilj i n'tl :ul h n'tVI £ya S- I jj I a JlC l*JI_L4> jLs I j'^—j 3» <4- f^^ 0^ > ^3^ > " (jr^ 1 l?L*J * 



.i_jjja.aa.a 
A_ p kaj La j t£ jj^~~ 'JJ l£J _9"^ '■^"Jl ,* Io-SJLl CjI j (yUJlJVI A_ ' "1 k^"' ' " jj 1 '"""' ' J Sj ' " U <— II J i u-lill * 

/?, x A] x v, = p 2 x A 2 x v 2 

t^Vl^a .- m^-." jlj q- , M VI ^U-a (jp3 ( 42)15 l^r,^-,) JaU.^^MJajLflJIj-tg.^m aUlL-j • 

A, x v, = A 2 x v 2 

jl JaJLuaJI aILLj 4^=j^>JI A^liaj J-iis^JI 2alU<^-. CjLJsllaJI <j* H$M « J^C 4J LdjjelU *-jUI • 

.<jLjJ_ul]| 
l_£l Jtlc CjLJsLLaJI ojufc pjj^ta (j| (_^ic (j-^-<J (jy UjJj_> 4j^Lt-C-i /- a i nj La jl AJsLLaJI sLiLl JJjLta • 

.O-iL) (_i^j-iVI (j^a ■» !--> 2 a 

: <Uj)l*»-a ' *.!. "j OdJ'- 4 - 1 

JjU", , ,, r, j^ljjfc ,_^j_3tA (_)i>-lj j-a-i 30 C 3jIjj>- 4j>.jJj1.5 bar ojljJLa jl u» * . U« ■ >> jj *'j-£> A 
< 250 mm 4-*JLa d$kj B Ju£. J^ <UI £jj^$ <■ 400mm*300mm ojiLjIj A JlIc J^=lAII 
B jJl£. (^>>JLl 4- *L*t-^ ic^tu C-UU13-I iB Jl A ,j-a 0.2 bar jlj^la-i JaJLuaJI ^ A :■.•.! lili 
A JlIc *I_5jJI icj-<-uj R = 287 J/kg K^l^l CxjJjjj-tJLij *J SjIj^kJI ia-jj jl o-«l£. lij 

.18 m/sec ^jL-ujj 




^ jllXK ^r_o) j^i 



TT. 






hi ^ 







LiUjj (B) JlJ£. 4 af.^Utlj (A) JlJ£. 4_ali^=JI ujLi_aa. (j_^=uflj 4_lLi .SjIj^kJ! 4^vjjj .U» l^JI ^^ 

.cjIjUU 4_aL*JI aJjUII aljielLmb 

Pi 



Pi 



AT, 

1.5 Xl0 5 , n*ck«/ 

= 1 .725 -y 3 

287 x (30 + 273) /m 3 



A 



p 2 (1.5- 0.2) x 10-' 



1.495 



kg, 



RT 2 287 x (30 = 273) 

( ') _a] ( B) « La 2 1 , 1 Jilc <Ulj i nil i sL_aa- ^j^— i i 1 ^j" » La 2 1 , 1 <j-u 4jjIj o"i < n^fl <U.lL*_a /^j-dalua 

/?! x A, x v, = p 2 x A 2 x v 2 

4jjLtI,l iL. (^iajjjLlII J^-— l_' 4-lLc i V2 Ij^. La Ujjl ma. J^-— aj ji 4_ajlts 1 $1^3 4jjL»II '£— Cli\yjJuX\ 

:r-_jj^>JI Jtlc A£.^ 1 nil <_)L_aaJ 



pi x Aj x y t _ 1.725 x (0.4 x 0.3) x 18 



= 39.87 "V 



sec 



p 2 xA 2 1.495 x (0.25) 2 

JjuL-a Liiajf i_Luia.l .tfLof J^— uJI IL. Tciisjil jlj^JI IL. Ajbj^JI JMa. <jUI icj.^ i_», r.n-wl .Y 

.ijkj^JI (J^L>- ^a^jy-ll (J\-±j 1 nil 
1 




jjj^= o'j^- a- iAj^ J^Li. (—iL^aJVI ( \ I 0) (_L4=ui 



:JaJ! 



.<Ufcjji]lj (JIjJkJI ^_ S.U.I TeJo-i-u (j-U 4 _ r LIjJj_l <U.lLva Jjj. " 



Pi V f P2 V 2 

p 2 p 2 



m 



'iuUrUliiiih"! 



*M 



\ . \ 



}J!>l!j uLjjIjje) I («i£. uUuLui 







4-g.j iritLi 4JjLLa ) ^ La 2 ' 1 I Jtl£. 4-g.j in! I 1 uaj) .(_^jj>JI i La * • a II j_4> (vj ) Jtlc i La » i a ! I (j| ,»jl*-« 
(j-^= 1 ' LrUi-'Jr 1 ^- i '-*- a (j" ^J" • 'J " lr ~* ^'^b"' a > j^~~* 1 ' (yJ^Jl-ia I Jl>- s^aLus j_<j*j ( ' ) <UaJii] I 

tSjfc^dJI Ju£, £g.j mil l_ll iii-w J^— ^J 4-lL. '4m (_gjl i n" (Zj — z 2 ) <j^=Jj 

v 2 =^J2xgx( Zl -z 2 ) 



V2x 9.81x4 =8.86 ^ 



g = A 2 xv 2 



sec 



tQ ( jr <lJ5tJ»JI (jUj_<_a]l (JjULA (_ll ( n-stj 



Q = f(d 2 2 )xv 2 = f(0.1) 2 x8.86 = 0.0695™ 



sec 



rrr 






jjljllj uLjjIjJs) I (Sic uUuLwi 







r-j>>JI Juc. 0.15 J J ^^a^Luj j 0.3mJi^jJ,l jJc 1 Aj U Sjj^La J}L>. *UI j>s 18001it/min tjj-ua .\ 

0.5m/sec ^jL^ 12mm J^jJI j^Lc aj LaJa <_ij_ajf 4- iSj-^ iS^ J L-* f-SL-L ^-j "<tl c^JL^= I jj .Y 

.3mm oj_Ll2 ^ JJI r>*JLl J if icj_<_a]l <, ,,„ -J 
.-.*<1^ j 37 C4Jjlj_»- 4^j-i J 3.09 bar ojjJs tlai <>■; 0.15m aj Lai p Laj * a t^-ij-pl 4- *'jV' ^J-^ -^ 

.?I_^JJ ._ / l"<^-tl jLj^JI J jm_a i ,, ,, 1^1 4m/sec ^jL^i Jji. jJI jir icj-^l 
JlIcj . 4111/sec^jl ml x_Ll5II I jub JlIc 4.g.j ,ntlj 100mm ^jLuj (1) « La 2 1 , 1 Jl_Lc *La '.'j pi j Lai . £ 

Jj-t.o (.( i.i-wl pJi j_aj (2) «Ja2X I JJlC *U.I <Cj-uj (-( ki-wI . 50 mm^jl , „j j UStl jLa (2) «Ja 2 1 1 

1 ^j A", a (_ .j ,;Vl jl ^U I \1 a O.lmojJaJS AB t_ij-pl 4- 0.015m 3 JJljlaj l£j-^> (.^LaLi-jiaJl j-ui *_jLa .0 

!M_a 0.05m ojJai BE j 0.025m ojJaii BD j 0.025m oj-Li BC ^ t_^ulil &}l3 Jl B sUs:tl jj^ 

, La i -j" a jl jL^La jL^= J ' BE 4" oW>^' (J Ju *-' *— ^L*-^ I <u}liS ;_gjl i nj BC u-s_ojJ^I 4- (j^d>^' (J JuL>3 

4_ <cj rntl Jl^ pJi 4_ii}Li!l fj^-flil 4- uW»N J jLj «- a jl J-iLa i_^u^l . 4 m/s lSjL^jj BD 4- *cj-uJI 

. BE j BC j AB 

i_)j_j->VI (J^L>- /tjj-l' Tj^i J . B j A La-ifc jl_)^j-)l (J^L>- j^Li- JiJ jiJjLj/ ■ La 1 >■ 1 Jjli-a j\j->- ( a ^ r " ' " j • * 

jl ^ j .0.056m 3 J Jljl^j 930 kg/m 3 4 "al-,^ *J;La 4_ta ^j^o 015 m L^L^a A j LaS jL^= '-^ C 
j LaJa jl ^3 j 0.03 m 3 /s J Jljl^j 870 kg/m 3 4Jl3lfL^= j-^-T *_jl_a 4_j^ l5>^j j 0. lm LjL^a B j_Lai 

4-JjLuJI 4_3li^= j 4.C.J mil , La . -j" ^ j ^ l".^Utl jLj^>J| JjjL^s uxitxl 0.175 m LjL^u-a C (_J^jjVl 

.C (_)^jj^1 




1 JliUK ^o_o) J^^i 



rrr 



A4U. uLiuIaj 



jjljllj uLjjIjJs) I (Sic uUuLwi 







■* SeliflJl j *— 'j a 3j-^ h (j-»-t-i ^LjLu/ (_£jJL>j tj'j->- tjljjL>- 4r -^ J * * " ^ a *' ' " a ^d>^ ^ issj£ Jl>.oj .V 

400 kPa ojjl i La ♦ i a j 3m/sec icj-^j 0.5 m 1 *j U« Sjjj^La Ji* jj 800 kg/m 3 ^~.al-,^u JjL^ .A 
.30 m _> Sjjjj/UI (Ji^jua <_ij i n i a (jjs JJsl L^jj-i-u-Loj 0.15 m LfcjJaJa i^&Ia J!>L>. Sjjj-uLU (j-a rj^oj 

( < __ r JLj_Il J^blAII jiajl ) .3.5 m. ojOJS i ta ♦ ■ a Jj^g. J-}L*3 i dL==al>.VI AjjejjJ S >j 2 a 1 , 1 




A jliXK n_o) J^=ui 



YY i 







:*_iljj| Ji^irttl 2j^»>L>. 

An = f x — x — x p 
D 2 

(^ylijLajJI l_lljlil'<^M i]L>. (jy^S i <tl^— ",^VI J_aLta JlJJlJSO ^j^— 1 ' (jLjj tntl 4_tC_^j (^yic ULb .*\ 



: ijJLlII 4JJ1UII AjLJeliuJ 



Re 



: 4J j) I sb a jjjjL«Jj ' "J.. I 
Sjj^-uLa J}L>. 80 C 2jlj_>- Aj-j J Juc La £jLa (j-a 6 L/seC i^J-*-"^ La Jj£. ita-LuaJI Ja^jjfc UdH& I - > 

801 i^jUuj 80 C SjIjj- 4^j_> jti£. *J>UI ^lii^B Jl>. .40m LjJjIaj 52.5 mm LtjlaS ^jL>] iVos 

. 4.46* 10" 3 Pa.sec uJjL^ 80 C Sjlj^ a^-jj, j^ ^SUI i^jJj kg/m 3 

Q 10x0.001 



A fx(0.0525) 2 /sec 



Re = £=J-i-- ^801x4.62x0.0525 =43561)40000 
^ 4.46 xlO" 3 



: J^3^J f*J 



(JjIj^>JI (j-a) 0.046 mm ^jL^j ^jUtlll iVa^D AJa-JqjJI 

4 J t ( II ill 4-1J ( II *«. 11 (. I ( il"»i'l 



« =°^ 00046 =0.000876 
D 0.0525 

I i ^tl^-.'^VI J^aLt^a S*I^J9 » -Jail i ■■' (_£-Sj-a i La La je a ^j^a 

f= 0.025 



rr« 







• , U « . >» 1 1 A_ iioj_u_JI (_ll ( rl~>- ■» jU* . ,, I ^JljJLlJ 



L v 2 



Ap = /" x — x — x n 
D 2 

40 (4 62) 2 

Ap = 0.025 x x v " ; x801 = 162827.3 Pa = 162.8 JkPa 

0.0525 2 

4_ J^-jjj .60mm (^gjl i nj ^omVI ajj^uUI j-ta^j 42 m Jj>-<3 oLus *-jjj3 a ^— j -■ ^-j-f-^ji' Jj^ 3 -^ 

(J^oLta (jL^= ' JJ . 4^->'_aJ diLoLj-i^ <ClujJ 45 f-jJ jj^a c.lj^-»| 4_*_ijlj 90° (j-« ^'j^~~ >l A_uL<w 4 ^— ■ iIJl 

4-^=^1 ^Ll^bi - 1 <480L/min ^jLj a^lAJI 4-o^>^' J Ju«^j 0.02 ^jl ..._.< <tl^-y.^ VI 

.(1000kg/m 3 *UI a^I!^= ).,U;.MI 

:cj>l_u-ajlll «L^ Lw ^^— .uli! (jr i^=JI J_aJa-II limiVi 
L =42 + 8x2.4 + 4xl.5 + 6x0.79 = 71.94m 

(0.001m 3 ^jL^jjliJI ) ;4^-ij,t,tl 1L. *UI icj.^ v-*-"^ 1 

2 = Axv 

G_ 480x0.001 _,^ 



v = ^ = =2.6 , 

A 60x(fx(0.06265) 2 ) /sec 



JaJLtJaJ I <£_ i> j-wj ' < ) I i m~>- ^j^-—* i ' 



Ap = f x — x — x p 
D 2 



71.94 2.6 2 



Ao = 0.02x : x^xlOOO =77333 Pa = 77.333 kPa 

0.06265 2 



m 







jjjUjj uLiulaj 



3/ 



i^jjJ c^JL^= li! . 0.5m /min ojjJa o^D-^ J^-*-^ Ljjj J-*^; 150mm oj_LS (jr -^l v>jJI • ^ 

:<.,,, ,^Ua 920kg/m 3 oj>JI iili^aj 84* 10" 3 Pa.sec ^jL^ ojjJ! 

:ujjUtl!l ^Jl>-^ 4_JLl!l ^jllill Oflag.1 IjJ jjJo-Ljj *kJ9j <_ o.i-wl .Y 

400mm ^jl u±> <_ >j jWI j_Ljs< 1.49*10-3Pa.sec ^jl uu 4 ->j>lil < O.Olm/sec ^jl <-uj icj ^Jl 

.870 kg/m 3 ,jjLj ral~,^t 
(i^UJI >:/« ^sj^.UU^. . >:»-....! ) :a_JLU| oVUJJ i^uttVl a.iillg-TrJyi JxUx j^jl .T 

150 l£jL^j jJ-!>yj ^j • 

. 0.0001 t_gjl 1 uJ 4jjuiitl 4Jjm!->1I J^aLtaj 50000 l5J^^ j^J-^J (*\) * 

.0.01 (_gjl i nj 4_L±iuiJI aLJjMi->1l J^sLtaj 50000 (_£jL_uj jjJojjj ^j • 
. 60mm u -&-u % $\jji mljll j-lalj 42m ^jL^uj Jl-j>j1!1 oLi-a *-jjj3 ^^-; & 4-JJ <"ljll Jj-Io . £ 

dJJ Jl^=j 45° fjj (j-o flj_£=? 4.5JLCJ 90 £j_j (j-a f-lj_^=l 8 JiJl^. 4-^=u M.tl fl Jlj4> 4- J^-JJ 
(jLjj_cJI JJlj^j 0.02 t^gjl iiij f ciJI ^—".^Vl J_aL»_a jl ^— Ijl .4_uI_oj oLaLa_i-a 6 JJl^i Jl»-jj 

•j^l^Jtl l^s^A J}U. JaA-L^Jl 4- ^^V c-Luia.1 480 1/min ^jL^j i^uiJI 4- *UH 



rrv 



2u*«L*)l3jb->J! jo ^ * ^ jaidADI 




( Ikl - ^ t )^|^il^UjdJ|^uliuk3:iilliJ!|iw21l 

^J jLu j AaJum : Jjtfl J*aill 

Caj ,jj^~~ 'JJ 4-LLt.a jjJl>- «d J_l>- ^_ ej^».jJtl ajLtl 4JI_i i_3jou /-^ao al * ) ^j aj lu\ - 1 la * 1 1 .A 
Jo_L>Jkl /, a i n~ a Ua-Lj I (J_*^- 4 SXa-lJLl .<L==j_^La jl <LoL) (jfraao JlS jjJo»Jlj .4_i_uljjJI 

<Ja-pJLl 4-1llII j] i aH^adl 
,rjj fl a LaLku a! Vj^S a LaLLbj jij^~~ ' ' j> Ua.Il I A 

j_a jja illaiJI Qa^so Jj^il 4HJL>- Jl 4_ol JujI 4JI0. (j-a CsLlj^-J ajou jl «.lj^-Li a I la * ! I j^a 

.<Lpl Joj^I LpJLa» j..A;t j,^,3 1 j^l^-"l jj»"t .-.^-.j" ^J ^pJI 4.lU-*JI ^^ S^,..l^^.*iVI 4-J.a-tJI . \ \ 

a Llal! I (2r4> *jl>*JI t — 'Wo- 5 lSj-^ ** "!"-"' *^~"' r * ^ -^j^*- jr^ ^j-2-UI iJaLWI (jr 4> SjljoJI. \ Y 

: ijjJbeja CiuLixLaJJ 4jlLa I 
(OOJeoJI (jL==> I jLfl 7°C 4ojlj^. 4o-J-> Co*-i-lo f (j-lv Colj LtaJLLa Coo 27°C 'AjjIjjv ia-j-i jLc. jjo . \ 
^jLt^o jLsuM aJL1^= jt_j Laic JjJljII JiLAJI j_d> Laj ^yjl j'tl rfsojeoJI j_A La^ 8m 3 jLill ^IjJo^l 

.R = 320 J/kg K jLUI I j^ ciljLUI cou J^.lOkg 

:CiljLiJJ aL*JI (JjjL2JI a I JoV" i iiU .Col!) oaJLis Coo aTu «.Ijj>.2| Jjlis Tciis I j jJt I -i^- 1 

.Colo JaJLuaJl ^j^— lj 

v v; v; 



Con5 tan ? 



1 _ _^2_ 



ttA 







(Y) Jj£. SjIj^kJI 



8 


v 2 


(27 + 273) 


(7 + 273) 


300 xV 2 = 


= 8x280 


7 _ 8x280 


= 7.466 m 3 



300 



:(JJUjJI « ll I n~>- ^j^— > 1 ' 



<w 



W = \pdV = p(v 2 -v,) 
W = 120£Pax(7.466-8) =- 120000x0.534 = -64080 / = -64.08 U 

AUa-cJI (^yic £LuJI SU,..Ij^i Jj.g.t.a JJLifoJI (ji (^yic JjJ i_Jl intl 4^a}J_C 

ojjjs ^L^J t<^*->- ' 0.178 m 3 tfjjii ^Ij^I (<sjje^ ^ jjit^uj 200kPa ^U:,x jl-s-j .Y 

4.lU.*] (JiAII .jUe_JI SU,..lj^i JjjjjJ.1 (JJLAJI i_mia.| tiLajLuaJI (joLaJ Cuvjj 1.549 m 

:4-!_}L*J,l 4 La i ul aj ■ Laji ) CjIj i La » i a dlli 

W = j"/?<iV = ,p(v 2 - Vl ) 

tjt ujJI 4JjL»-d ^_ 1^-iHjLi-a LtJaj^AJ ^pajju 

W = 200 JkPa x (1.549 -0.1 78) m 3 =274.2 kJ 
200 kPa i$j\-u±i 4j| jlJI 4- j-jUI LLaJLia (jL^= '^1 ' isothermal £blj Sjlj^. i>j.i jj *lj^J 4- -^ 
I JL,J JiAJI .4 m 3 ^jL^j (j^W^' (« J *^I d)L^= 'J] *l>^' 1 JyJ JiAJI <_<^».l <2 m 3 /«^ej>JIj 

:i!.iL*!l ^ lj; (^ La «j *Ijj>.^I 

W =Jp^ = p 1 V I (ln^-) 



r yh 







(jr Ll J-o-«J 2.3 MN/m ojJ^J . t^ i . >> tiJLlA jt^— |jl S*»ljU,..fj ^■■j^— a O^aLa IL. .Y 

LkjjJsj £aL_u^a ^■■j^— 1 1 I jok tl!jj»ij LjJlJ£. JiAII t_x^t>.l t 7.5 cm pjiaJa ^JJIj ^■■j^— tl 

. 8 cm 

Juljj <Jjj9 4-4J?t>. s-lj-A «LaLal i_*Jjjx_l! 50kJ <>jl jJLa 4J|aJa •■■' <Ji-l.i ^..j^-. * j^^JLc JjLfu JjiJ I jl . ' 

Jli ukijiiJI I jub tjf L-bp-la aJUj«JI ojufc *l_«jf .U:,^tl t_<^a^l < 0.2m 3 j 0.01m 3 JiAII 

.Lbl3 
Ijj Sm 3 ^!^^?! L^«^t».j 520 C^Ijoj^I L^jjIj.*. ^>jA9 1kg Lg^b^=> *I_^JI <>« 4_u^= • *• 

: Jl>-jI 10m /o-3t>JI 7r—y-& I (_^>- O-iu LJaJLLa Coo *'%-!' ' JlA ->J^4-> 

.4_ul_£i!l SjIj^kJI 4j>.jJ • 

R = 287 J/kg K elj^l] ciljlill CijlS Jl^ 
liLa 10 m 3 ojjJ9 (jrjL^J («-=**■ w? 5 m 3 ^IjijjI a^>- <>a SjIj^kJI i*.jj ^j>A> *'_^" 6-° 5 kg jjl«j .Y 

:Lxma.l 3 bar jjt, ^\ joj^I .Ui.^tl jL^= 

0.286 slj^J! c^jIj j 57Cjj > IaJI csj^ii i^-jii *I^JI Sjlj^ 4^j_j dJL^= j 0.42kg jLU)?L> 

. kJ/kg K 

. 0.286 kJ/kgK*1^J1o^l3 j 15 bar »|j,J| ,U;.^ j 0.12 kg ^1 aJ^= j 0.0075m 3 

R=0.286 kJ/kg *I^JI c^>l3 j 97 C Sjlj^JI a^-jj j 1.12 bar *I^JI .U;^ j 0.1 kg ^^caJU 

. K 



tr. 







AjIJlJ Jtlc i La * < a 1 1 j /«jjej>JI (jl-^a lij <J>J-i ^Jj^e-^J JaLi-LajVI Jaj^foJ (^jLg-LJI i La * • a II J^jl . 'V 

4Ja}Lc x_pj ilali LaJVI uLj-ii (jL==> j 0.005 m 3 («-^>J1 (jl_^= j l.lbar , 0.1 m 3 iJaj_<iJI 

.e\j4Uk=lA ■* - Cy gaJ3LjjVI -'j-y 
4_uijiJI «jlj^>JI dJL^= j f*-^**^ ^>^ Jii£.0.73 kj/kg K Ls jUJ LuijiJI SjIj^kJI <-.*>l^-. \'±\.) < 

.jLiJI dul3 ..,,,,-J .1.09 kJ/kg K 

iiiaJi—jiaJI <(jLjj_coJI 4_JsLta i 4_lL>-IjJI 4 alUtl t ,_ ci^aJI 4_iLLa <4_cl_oJi j al taill :i_3j_C.^ ^ 

.LuilSiVI ^LUIjLiJl <;L^aiJl Sjlj^JI £ SjjjJI «*l>>.yi 
> j^>" "I lil j .(jlj^iJI f«-^>> <-' "i-wl .15 C ( 12 bar ilai <>> Jlj^.80 kg (jr JLi ^gjJL-vj *ljjt> jlj^>-.^ V 
ciulj) (^yjl^lll it-it iMI Jl>-jI 60C Jl *l_aiJI ''j'j- 3 * - ^"j- 5 CjJt-fljjLa (j n<i Mill (j_« SjIjj>. (jIjJkJI 

(R=0.286kJ/kgK*I^JI 
jl £= j 4 m 3 4_4^t^ wj_tala «j!j^>J! i>.jj ^jA 1 '^ ; '^ 10 m3 ^l JluVI «Ujs&». jLc. SJb^=. ^ V 

.^L^UI ,U;.MI ..,,,,^1 .3 bar jUU <^l j^VI ,U;,MI 
i^j-UI j^ LaJI 4L>.jj> j lbar ..Lai <>» Jlj^. 4Jilii^= CiJL^a lil (j-'T ■ ■■^-'N 1 jLtll o-jIj J^jI- ^ i 

.1.43kg/m 3 
.15 m 3 <(_*«. 7c-lloI (jl JJ «jlj^>JI 4^jj ^j>Ai j>Jl*j 5 m 3 a^>- j 6.3bar i La ♦ < a g>j jLc.^ ° 

.jUU ^Sl^ll .Ui.MI ..,,., ^ I 

JaJLJaJI (j-ul jria (jl ^— > j 37 C 2jlj_a- 4_»-j.i Jl-UiO. 15m *lj-JI /<u3t^- (jlj^io i Laa *-uaja «.lj_4>. ^ "\ 

.(R= 0.286 kJ/kg K) jlj^JI 4 *!^JI iJb^= ..,,., -J . 10.2 bar jlj^J! ^Li 



La. 



Jtl£. J Vi=0.01m ^1 JojI (0^tJ*J CcClo / <tl^-,",^VI /<uJlC (jjjj^auOJ jjjst^ta SMjU , „l . jLi. ^ V 
(jr »-jL>JI LJaJI uaJl jl ^— » J (j qj ^— U 4^-j (jr^ 1 j^-*-^' '^* '^ J '"' "'.' ?-^-^ 'j- 3 * - ^J ".'^~~ l tl (3^' 

. 43jLi,l j JiLUI ,.,,..^1 .V 2 =0.02 m 3 ^L^JI (<^^*JI j p=140 kPa duLi 

.(jiiil j r- aj ii t, I ■> I La * 1 1 ^_ (ji i"itl /<u-ujJl )«-a L^- 1 - ^ ^ 
ajlj^>- ^-J- 5 Ccaij Li mL===utJl JJljjjj LsJlJ£. 2kg LbjjL^ *'j-(JI (j-« ^ 1"^— t ^JjLifoJI i. ■ ma>l.^ 'V 

.4 m 3 ojJii (^SL^j f«u^>. (J \ 2 m 3 ojJii ^1 JojI <^>* ^ 300 K Lkjjl ajjLj 

(jr JLc j>l LaoJI <Ja '-Ij; (Jj-ojl.II (JiLifoJI (-r ma.1 Lt^a-uLiJ ^1 JJu4J 4jlof 7=-^^ cpL"Ltl J^— .'r.tl Y« 

. .4J_a^ 4-Lll!I 



rr^ 
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p(kPa 



620 




0.15 



1.0 v ( m3 ) 



Y'JliUK W_0)J^=u5, 



rrr 
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ajjljjsjl liyuLLUtf JjV) j^L2JI :^ll)l Jm«1I 

t^liJI Jj^iAJI i^3^L>. 

(jLa 4 ^^"J^ *_' N j a? '"' <»JJo-! f^LlaJ (_^l « '^-^ I jl 4_j| (jyic (j-^-y ^Jj'j-* 1 ^ L^=_ujI_ojJL! (JjVI (jjJLSJI • 

. 4-u-u I (jr^C- fkUaJJI 3 La i ul aj (JjJoJJ Jt i"itl 4 I Laam t_gjl i »" 4J3I <>»t I ajljosoM 3 I Lgu&a 
^-jjJlLII t_gjl in" (Ji i"itlj Sjlj^>JI 2 I Laa&a (jl (j^ic .J"* *JJ (Jj fl-SJU a! kill I (_ r lc (j • La ; (JjV I (jig '' iill * 

:Uiw!jJ! A^LkJI 

g - w = Aw 

t_gjl i n~ a I talll 4_L>-I jJI CsLJsLLaJI fj_«a^a (j| (jr lc (j^aloj 7-jJLlU al talll (jyJLc Jj JaJ Jj^l (jjJLSJI • 

: a LLa-L? I jjjs 4j>-jL>JI CsLSLLaJI pjji^a 



c c 

m(h l + — + z i g) + Q-W = m(h • ' : 



2 ■ 2 ■ *,*) 



a \jj U 1 1 5j|j^>J| ,-,'A^j ^jIj LJL>-I J 4Jal_k» Coo JaUuiaJ^I Jaj^i *j I jl *ljjb i La C I i a IL. . ^ 

.Jaj^iJI I jut JMo- .uai .Ml (j jLc JjjuJ.1 J; Mitl i_ i in-wl 1 50 kJ/kg ^gjl i »" Jo>jiII *oLa Jl 

AJL4J IL. 4_lL>-IjJI 4ILL2JI (^gjl i qj JajMitl 4j| Jo IL. 4-iL>-l jJI 4JsLLaJI .<jlLa Aliaj 7e-«isjJ JljJtl 
l^a-LaLojJJ Jj^M (j^JLUI (3^LaJ .j-aj-a igjl < <ij 4-JjJjJI 4JsLLaJI £_j_o\l!l ^jLa ^bJLjj .daj^iJI 

.(jJJLa ■> I La * 1 <LjjIjo»JI 

q-w = Au 
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4*LcuLiubj 



jjljllj uLj>Ijj«)I {tie uUuLwi 







.w 



= 50*4 



% 



.JiAll ,j-a 22 kj aUaill JxSlmJ U_Lu 20 U j\ jJL<y (3-lt-o Aliai] 4_lU>IjJI A^LLaJI Jil Jj3 . ' 

.L^jfcUol t>jj 4-LaTilU ajlj^>JI jljJLa fc . ' '■ '-» ' 

Liajl dJLufc .<_JL_u J* Mills ^LjJLij a Hail I (jyle i5_ijJI *> ka i uljJ (Jj-q-t-a Jt miIIj (jli-a aLIsJ (JLjJJ 

■ Jfrli-a ~lk:t JjVl (jjJLUI jjU'< 4glj.|jJ| AJsllaJI '4r « JiLjj 

2-w=ac/ 

Q-(-22) = 20 

.-. Q = 42 Id 

350 icj_i^jj 2300 kJ/kg LfcjoJs LuJliuLi i tu==L^U jL=e_LJl J^Jj < 4jjUe_JI «jjJi!l «jjj> 4- .T 
1 70 m/sec icj-^j 160 kJ/kg L&jjil LJliiJLi i_ai==LU j^j cJii^alil jlitJI r>>- I ij .m/sec 

.( _ o ) JlfuU i ^^-.11 ^jj J^-, ,t,tl 

c 2 c 2 

m(/ij + — + z 1 g) + Q-W = m(/? 2 + — + z 2 g) 



<■ fliVu j^H 


Qout 


J~ 


1 









Ci (jy jb (Jjj>.JlJI Jtlc jLie_JI <Ulj_i_uj 4_uLjJI £_ Jl>-Ij aIj >.aJL=3 (_gjl i nj jlie-JI {Juj-lm <Jju«-a jl Lciis^lal I jl 



TVi 



iwLeuLiuIaj 



*M 
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}J!>l!j uLjjIjje) I («i£. uUuLui 







2 2 

1 2 2 2 



2300- 



(350) 2 



2 = 160 



tJQil ^_ S 1 Vt ■» t, I (<ul2ji ^_p3jjLj jl j^— > o i 



(70) 2 



2300 + 61.250 + Q = 160 + 2.450 



.-.£> = - 2198.8 kJ /kg 

- 1 la * II jj^a a njjj La a ajlj^>JI (jl (JLc (Jj3 <_J1 i aJI <La^Lc 

650 kJ/kg r^JJIj J^ jJI jj£. ^yJliiJVI c>L==i 20 kg/min J julaj *U 4j j-cj ( jlpj ) 2jLl^ j^uj . £ 
.i_oj>1JI (^Jx. 200 m/sec j 300 m/sec *Ui! rj>>Jlj J^ jJ! ic><-uj -tplj^l t^ 1 360 kJ/kg j 

.J^J.1 (j>S a Nj^Atl 2jlj^>JI (- I I n^-l 

■ el^^U *U! <j/j aJjjJcLa SjIjjv tilLuk (jl (-y i«-<U -*'^J' ILj-uI^j J>jj -i>J-U Ji«-lj *UI JIjJLI I Ju»> <4- 
Jl^jj V 4JLa J^jJLl (Ji.1 J *UI jjk aJL>JI o juk IL. j>LLalll (jl Lu-bj^ _aJ .2jlj^>JI a jui> 4-a-cS u-il ui> ' _ij I La 1 , 1 

.4jjIj^>JI L^a-usLbjJLI Jj^/I (j^JLaJI (3^aJ aLLalll ( _ ;r Ll Jiui 



rre 



iwLeuLiuIaj 
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m(h { + — + z 1 g) + Q-W = m(h 2 + — + z 2 g) 



: Cr JLUL^= JjVl jjiUJI jLao.1 ^ 



2 2 



rjoll A_ S LLaJtJLl p.;*" j^ys^JU 



25(650 + ^HC = 25(360 + ») , (4«») 
60 2 60 2 sec kg 



231.667 + 2 = 126.667 
:.Q = - 104 kW 

- 1 la * II jj^a Sj>j)j_La^a SjIj^kJI (j| (JLc (Jj3 <_J1 i aJI <La}J-C 



m 







iJjjjLA iajJiJI c^JL^= I i] ,4*< mlj ia^c. (Ji«-I j *'^jJI tlb^dl 3750 W Lg3jJiJ9 i>.j)j_d c^ajLa-'ml . ) 

t^I J^ <>° 4-lflTu.U Sjlj^>J! (_cut.->. I . jj-qj]l ajL^J 4- 200 kJ/kg Lbjjil a-JjJj aILL j! kJ/kg 
.100kJ/kg l5jL^ Jl-uTJI 4-J.^i J}L>. *ljjJI ^ — lj; Jj.q-t.U Jiu.it! (jL^= lij s *'*y — ^ 

4j| JlJ JU£. SjIj^kJI <L>-j.} <-,*<! <^-. I jl jjJi^-b lllj^sji, JJl4jJI 4_JLjjl] 4_uL^jJI Sjlj_>JI i^jj c-nn-wl .V 

CxjIj (<^*-3- JlJ£. i^j-JI «jlj^>JI Jl5- .1090 kJ/kg jjlaIII aJU-c (jj« ^jLJI JiAJIj 1850 C jjl*i!I 

.aUai!! (j^a eJaJLiU SjIj^kJI J-«-4>Ij 0.73 kJ/kg K fjj\ , uJ 

Sjlj^>JI 4_l«^= ^yA U .27 C 43jlj^ ^jJj 5 bars <daiLLa *1_a^> {jLa .300 Liters «Cn.m J^lA-a ul>*- • *- 

O-IU («-5t>- Caj 4_i£.jjJI 2jlj^>JI Jl>- .127 C (J I sjlj^>JI 4_»-j.} *_J3^3 (jr^*- j" '^) (— Q.J 4 _jjJI 

,0718kJ/kgK*!^U 



rrv 
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a^i^i^Luiij^jLaijiJ^hcaL^ijttj^i 



:*_ul_ltl J_____iM 4___}L>. 



^aJLj >->■ I S-u *"^ .4— l>-jL>- SjLcl i ii a tj_J-3 4_to3j_a ajl^j>- 4_»-j.} (_£J^_»-I J] ■* i iaAse * a 3j|j_». 4_»-j.} 

_ g _ gn-e, =1 Ql 

:2ull3]| ^JjUiL. C;r k*j A^MiUU *bVl <>U-a 

: 4j.}L*i.L> J-lj 4jj|j_>J| iie____«JL! sb^/l JjjL-a 



COP, 



C0P„ 



W Q H -Q L 

:4_lIl_!I iljLtXLi 4_ijIj_>JI 1^J5.L__=_ /_ La «3 a - j ,: — - n-^al '* N j ^j "* ajj-s -__==>l __ij_jL___i «jjjj_u_u 

&, - ?; 

(l-o )Jli* 



'7,/ 



g = e H -e L =1 ^ =1 -L 

Qh Qh 



ajlj_>Jlj 175 kj/kg _gjl 1 n" (____1_=__JL I {_ya a *>^j La 1 1 ajlj_>JI __<j1___- bl < 4_l_uL_uI -U_>J- ">jj-i T-^J- (J-=-jul_jI 
.<>_S___i__I iJLvj -4>J-il ilU- _L ajjjJJ «.l_iVl J^aLjua (___a_-l .144kJ/kg _£jL__ J-5b_msJJ 4_3____I.I 

" . T a 




:J-J! 
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COP, 



e £ q l 



144 144 



W e H -2z. 175-144 31 



4.65 



i (tJ-LJr i n") SjjjJI «.l j| (JjjLa.a <_il i n-».t 



COP H 



Qh Qh 



175 175 



W Q H -Q L 175-144 31 



5.65 



Aiu^JI Aiul 




out 



boundary 



( 1 _ )Jli. 



m 







jJ)UJjJjUb« 



L^= li! . 300 K Sjlj^. i^jjj 100 kPa ojj^s .Ui.^j w ^-:" l .' l .' sl ^^ 4- *'V J*^ 



(k=1.4) .JaiLuaJI ^jita jut Sjlj^Jl 4^-jj, ,.,,,,-J « 80% 

Jji£. j-4> 2jjjJI olufc (j-a ' -la I La 1 , 1 I il 20 C J 200 C (>u J-a-t3 olj.}? J^— ,*:,tl £_ 1 a ^— Cj_aJjL^= 2jjJ .Y 

•Ql j Qh v- 4 -" 3 -' 15 kW <jjjil Ji^i 

Ijl .30% (_,_& J-JL»iiJ »-jl -i^— > *1_JjJ1 (jr^ 1 J-"-*^ (jr^'j '~'j''jt^— ajjjJ AjjIj^kJI S»La^=JI CxJL^=> lil .V 
A_j| JlJ JlJ£. (^j-LII /<s^ej>JIj 500 kPa j_& 4-jjIj sjlj-a- i-s-J-i ClAJ JJl-sj]I 4-j'JlJ £- ilaJLiiaJI '"-''t^— 
^j L^aUl Sjlj_^>JI 4-^s.j.} i_<_uoJ i kJ/kgiO (^^.ib ajjjJU 4Ji\ u*X\ ajlj_^>Jlj 0. 15 HI 3 -Ijj U JJ_aj]l 

((^lila jLc. jjb *l_ayJ! (j! <_P=>^I ) •ZjjJlII oJLjJ ^jJl^sJIj 
^,„^—.tl <-,y,jl^_ SjjjJ gl^Vl JxIjlx c-mia.1 t(|)£ SjjjJI Q-m^=Lg lil .1 

172 kJ (^-4 <al tiaJLl 2jlj^>JI c^JL^= lil < 20 C j 200 C «jl>^- ^l.-vjji <>_j J_aJt3 cj_oJjL^= «jjj> .0 

4 ...j^—«tl 2jjjJQ LjjIj^kJI 4jt_iiai,lj 4^>- Mil! f.\^\ J_aLtaj ajjjJLI LjjIj^kJI 6?\ fl^sJI I. < ma. I 

.SjjjJI 4-Ia.ml aj J^ajLil jt ("ill I ua if (. 1 1 n~>-l 
A—ij/^a^auLil CjjjjL^= SjjJlJ s-lj^l (J-aULA (_a— uaj t_gjl mi Jl_j^_u 4 a j La * a ^_ *ljVI l J^a[jua (jl ^— > I jl .1 

600 kJ/min ^jL^3 Q L aJL^= Ii] Q H yu^l 120 C j -30 C Sjlj^. J^*ji oyi J**3 l^'j 
(jL^= i^j .30% Lbjji 2*U^=lj (shaft power) ->>*£. SjJl2^= 1 36 hp : j l ^" ;: ^ 1 "'-"" .V 

Jjutaj 4_L^=UI J^a- <^il e JJuJtl 4J9LLJI JlnjI .35000kJ/kg w ^«_' SjL^JI <LajLseTLmJ ^JJI -SjJSoJI 

j^k SJLj^=jUI 4-jeTLU (^JJI J«u,itl 

W =r/ th xQ H =136 hpxO.7355 = 100^:W 

hp 



Ii. 



iwLeuLiuIaj 




*>i 
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jjljllj uLjjIjje) I (Sit uUuLui 



w 

oT 



= ^ = ioo = 3334W 

7* 0.3 



.\g L =g fl -W = 333.4- 100 = 244.3 £W 



mq H =Q H 






Jj^jJI (JUJ_1JJ (JjULA (_ll ( n-st 



/n 



333.4 ^IV to/ 
— = 0.0095 Kg / 

35000 W /sec 



% 



tn 



LtL tlk ialljjj^jJI 



*M 
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fjlj^lj uUjIjje) I |«k uUuLui 



uLtlk^ljjj^jJI 






>>5I 


'^A>^j\ iiUL ^i»X\ 


Oljl^yl 


iLujjtJI iiilL ,jU[\ 


A 


Area 


2 

m 


i>.L_al,l 


c 


Velocity 


m/ 
/sec 


kcj iiiW 


C P 


Constant pressure specific heat 


kJ/ 
/kg.k 


1- , \\~ rUii^l 


c v 


Constant volume specific heat 


kJ/ 
/kg.k 




COP 


Coefficient of performance 


- 


*bVl <>L^ 


d,D 


Diameter 


m 


jUnW 


E 


Total energy 


kJ 


Sil^tl ASLkll 


E b 


Blackbody emissive Flux 


W/m 2 




f 


Friction Factor 


- 


.'tl^n-^VI J-Lm 


F 


Force 


N 


S^Jill 


F , 


View factor 


- 


J*=i ,MI J*Lt* 


8 


Gravitational acceleration 


m/ 
/sec 2 


Lu-bj^?l LuiL>JI 


G 


Incident radiation 


W/ 

/m 2 


-t^al ...t) C-U-ui^l Jjut-a 


Gr 


Grashof number 




ciij^iljl ^j 


h 


Enthalby 


kJ/ 
/kg 


LJlSiVI 


h 


Convection heat transfer coefficient 


W/ 
/m 2 -°C 


SjIj^>J| (JLajjl (J^aLt^a 


k 


Thermal conductivity 


W/ 
/m°C 




L 


Length; half thickness of a plane wall 


m 


J^kJI 


m 


Mass 


kg 


Sh^ntl 



-tit. 



uL li byalljja^JI 



*M 



\ . ^ 



fjlj^lj uljjljje) I |«1a uUuLui 










m 


Mass flow rate 


kg/ 
/sec 


l"<^-.tl (jl_>j'"'l (J 1 *" 


Nu 


Nusselt number 


- 


cJLiU (<^9j 


P 


perimeter 


m 


.Ui«*tl 


P 


pressure 


kPa 


.Ut.MI 


Pr 


Prandtl number 


- 


JLuI^j ^j 


Q 


Total amount heat transfer 


kJ 


t, j \j -«. 1 1 A t <i <^— i 


q 


Heat flux 


W/ 

/ m 1 




Q 


Volume flow rate 


/sec 


(^^jJ^E^Kjl ^jUj-coJI (JJULA 


r 


Radius 


m 


j UStl i a ,^\ 


r cr 


Critical radius of insulation 


m 


Tj -*.\\ J UStl 1 >l,^.l 


R 


Gas constant 


kJ/ 
/kg-K 


CjljLiJI O-iLi 


R 


Thermal resistance 


°C/ 

/w 


AjjIj^kJI 4_ajL2JU 


K 


Universal gas constant 


kJ/ 
/kmol ■ K 


f UJI oljliJI dul3 


Re 


Reynolds number 


m 


j- i > ! >yj f^j 


X 


Thickness 


m 


(J.L.VL.JI 


t 


Time 


sec 


(>SjJI 


T 


Temperature 


°C or K 


2 jl>^' ^J- 5 


T, 


Initial Temperature .inside 
Temperature 


°C or K 


aJJJjJI 


u 


Internal energy, velocity 


kJ / m/ 
/kg /s 


iikUl Sjlj^JI 


U 


Overall heat transfer coefficient 


W/ 
/m 2 -°C 




V 


Specific volume .velocity 


my m/ 
/kg /s 


j^yCjiJI /<sjxj>JI 


V 


Total volume 


3 

m 


(ft^oJI 


w 


power 


kW 


2jJl5JI 


a 


Absorptivity ; Thermal diffusivity, 


2 / 

m / 

/sec 


2 i,^l ,^.~ a*y 1 



.tir. 



LtL tlk ialljjj^jJI 



*M 



\ . ^ 
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£ 


Emissivity ;heat exchanger or fin 
effectiveness 


- 


4-uLt-uVI 


?* 


Fin efficiency 


- 


' '* j A^—> 


-" 


Dynamic viscosity 


V , Pa ■ sec 
/m-sec 


2 ,£—, iaI M,lt| S^jjltl 


V 


Kinematic viscosity 


m 2 / 
/sec 


2 ,"l a \ ', ,^—,\\ 2-^jjltl 


p 


Density 


kg/ 
/ m 


fclVs-itl 


a 


Stefan-Boltzmann constant 


- 


u i3" J ' u' 1 '"" " '"' " 


T 


Transmissivity, Shear stress 


- 


U^i2i\ )\-&>.\ <■ LJLSIJ^I 


atm 


Atmospheric 


- 


i£*»- 


cyl 


Cylinder 


- 


2 >ljt-« ■ "I 


e 


Electrical 


- 


Cr^X^= 


i 


Inlet, initial, or indoor conditions 


- 


J$*-> 


o 


Outdoor conditions 


- 


£i>»* 


rad 


Radiation 


- 


^LtiVI 


s 


Surface 


- 


t u„.ti 


surr 


Surrounding Surface 


- 


2L-. ,«».t 1 "»-jL-> '.•'! 


sys 


System 


- 


ALlaJ 


w 


wall 


- 


jIJl^JI Ju£. 


A 


Difference 


- 


J^ill 


CO 


Ambient conditions 


- 


2U ,«».t 1 i ajj tMI 



-tii. 







.aLu/j JjjJ'-^ ' ^ ' L^Jlfr; 1 ?^ ' (jr^-' -^ 4 -*- >- ^H ■Jl^ - J-y'j ' *Jl> -> ^' "-^-LuJl-LljJ 4_uj/JtI-JI CjLuj/Lu/V! .0 

. ^ ^^Y - J>j_a^ta J-a^>-l (jl '^*- a j / J < 4_uj/JtIjJI 1^— Lj-al *' Nj aj lLII . ' 



1 . Heat Transfer: A practical Approach- Yunus A. Cengel, McGraw-Hill 
1998 

2. Heat Transfer, J P Holman, 8 th edition - 1997. 

3. Heat Transfer, Lindon C. Thomas, 1992. 

4. Principles of Refrigeration, Dossat,4 th ed. 1997. 

5. Engineering Fluid Mechanics, Roberson-Crowe.1995. 

6. Applied Thermodynamics, Eastop & McConkey, 5 ed. 1996. 

7. Classical Thermodynamics, Gordon Van Wylen, Richard Sonntag, 4* ed 
1994. 
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A 2jlj^>JI (Jl 22JI 3j-^ 

' * ■ jj j ^— » 1 1 jLj^I' (Juj-ij/j Sjlj_>JI (JLSjjI l^-> 4jLuujI 

r« J^JL, Sjlj^JI JL2il! :^ISI| J^iJI 

r"\ t^gj t,,7t\\ J^j>JIj j^>JI J-a^JI 

^£>rj-^ cAir!- 1 lA3 j '-^ 

V « ^I^itl Sjlj^JI JLSiil <>U^ 

rv jjuu ^^ji tiUuJi 

• ' (JjwJL) SjIj^kJI (JLajjl (J^oLta JljJljso 

i ° Ari'ic- jX\ y-^Ja-mJI (j-«s SjIj^kJI JLaHJl 

^Lui^L, Sjlj^JI Jl23i| :vUlil| Jx^AJI 
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<LdJu 



^j ..1 ^t I i La » ' ia J I J J) I U 1 1 JaJuiaJI 



/_JL!aJ>J aJjula 
d t»j All ^j .. Lla a 

^jUJilj ^liVl J}U* gSUI <jLj>" :^ljJ! J-uaiJ! 



4_«JuLa 



jjjjjj (<^J-I 4_uuj_uiJI i^jjj-lu 2\ 
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> .<* 

> u 

u . 

\yy 
itr 
itr 

Hi 

\rt 
\ro 
^rv 
^rA 

> r *\ 
\ it 
^ it 

> tr 
^ tr 

\or 
u . 



£$m aju 



(_£.J^a | U» T-". -»■ n 

■»■ uai] Cj LiiLalLa j CjI ^- .>.t I 

*I^JI dllL^s IL. tlaJLiiaJI Ja^jjk 
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